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EDITORIAL 


WHOLE BODY RADIATION IN DIAGNOSTIC RADIOLOGY 


Another good contribution has appeared! in the immense literature now available on protectica in 
diagnostic radiology. This shows again that in radiography of the chest particularly, the single -aost 
important factor in limiting gonadal radiation is collimation of the X-ray beam. This article is comme:ided 
to the readers of The Journal of the Canadian Association of Radiologists as another reminder about the 
importance of beam collimation in the protection of patients referred to the radiologist. It is cur impression 
that in spite of many similar studies and reminders, the importance of beam collimation is not taken very 
seriously by physicians in Canada, and specifically by radiologists. On the contrary, of films referred irom 
many parts of Canada, only a minority show that proper efforts have been made to limit the diameter of 
the useful beam to the part of the patient’s body being studied. This impression gives us particular concern 
because we see more X-rays of infants and children than of adults and it is in the radiolographs of the young 
patients that care in this matter is so important. 

Leaving aside for the moment the still incompletely resolved question of “threshold dose” and “‘per- 
missible dose’, it is surely clear to all physicians having even the remotest interest in radiation hazards that 
radiation to the young patient should be kept to minimum levels, and that the gonads should be protected 
whenever possible. If it is indeed clear, it should be a matter of daily concern to the radiologist. If he is 
not preoccupied in providing proper protection for his patients, what responsible person is? If he is unwilling 
to take the time and assume the responsibility for this protection, how can he claim special knowledge, how 
deserve his colleague’s respect? 








Figure 1 Figure 2 


The radiographs were photographed by transmitted and reflected light to show the entire film including its turned corners with 
(Fig. 1) and without (Fig. 2) adequate beam collimation. 


Figure 1 is the type of chest X-ray of a young child which we see frequently. This figure shows the 
entire radiograph with its trimmed corners, and the edge of the X-ray beam is nowhere visible. It is our 
contention that in such a case one is justified in assuming that the young patient has received total body 
radiation during this exposure. Figure 2 shows a radiograph of the same child’s chest, and the edge of the 
beam is clearly visible, outlining the region essential to the study. We make bold to remind Canadian 
radiologists of what they know very well already — the radiograph shown in Figure 2 is superior in technical 
quality because of diminution in the scattered radiation; the patient has been adequately protected during 
the examination, and the attending personnel have been protected too*. Our experience indicates that this is 
by no means an unnecessary reminder. 


To err is human, but to consistently err in over-exposure of patients, particularly young patients, is 
perhaps asking too much of even divine forgiveness. 


Jj. 5. D. 
REFERENCES 
1. Epp, E. R.; Weiss, H., and Laughlin, J. S.: Measurement of Bone Marrow and Gonadal Dose from Chest X-ray Examination 
as a function of field size, field alignment, tube kilovoltage and added filtration. Brit. J. Radiol.; 34; 85-100; 1961. 
2. Lewis E. Etter: A New Look at Chest Radiography. Am. Coll. Rad. Bull. Volume 17, No. 7, July 15, 1961, p. 2. 


* The attention of our readers is enthusiastically directed to a recent editorial? by Dr. Etter on the economics of beam colli: ation 
in adult chest radiography. It comes as welcome news to those of us who have not thought carefully enough about costs, tha large 
amounts of money can be saved by proper attention to reduction in the size of the X-ray beam 
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PULMONARY HYPERTENSION IN INFANCY AND CHILDHOOD 
THE GORDON RICHARDS MEMORIAL LECTURE * 


EDWARD B. D. NEUHAUSER, M.D. 


Department of Radiology, Harvard Medical School and 
The Children’s Hospital Medical Center 
Boston, Massachusetts 


Twelve years ago on the 13th of January, 
Gordon Earl Richards died in the Toronto 
General Hospital of aplastic anemia. On that 
day, Canada lost an outstanding citizen and 
Radiology one of its great pioneers and 
leaders in the use of roentgen rays and radium 
in the treatment of cancer. Just a few years 
before his death, Queens University con- 
ferred on Dr. Richards the degree of Honor- 
ary Doctor of Laws. The citation reads in 
part, “A foremost Canadian Scientist in can- 
cer radiotherapy, internationally known as a 
teacher, researcher, administrator; greatly 
serving mankind.” 


This lecture today is given to honor the 
name and memory of Gordon Richards. As 
his knowledge was vast and his interests 
catholic, I am sure that he would have for- 
given this break with tradition in that this 
Memorial Lecture is not on radiotherapeutics. 


Pulmonary hypertension has, during the 
past few years, been extensively studied. In 
most instances, it is roentgenologically de- 
monstrable and frequently the etiology can 
be determined, but in this lecture I would 
like to limit the discussion to those aspects 
of the problem seen in pediatric practice. 


Any pulmonary artery pressure above the 
upper limit of normal of 30/15 mm. mercury 
implies pulmonary hypertension. In severe 
cases it may reach systemic levels. Unfor- 
tunately, there is little if any correlation 
between roentgen findings and the level of 
pulmonary artery pressure so that by roent- 
gen methods it may be quite possible to state 
that pulmonary hypertension is present, but 
it is not always feasible to estimate the sever- 
ity. By means of a simple formula, pressure 
equals flow times resistance, one can under- 
Stand some of the dynamics of the problem. 





* Presented at the Annual Meeting, The Canadian 
Association of Radiologists, January 24, 1961, 
Sairt John, N.B. 


There are three basic types'”: 

1. Passive, due to high pulmonary venous 
pressure. 

2. Hyperkinetic, due to increased pulmo- 
nary blood flow. 

3. Vaso-occlusive, diminution in the size 
or number of vascular pathways, and 
subdivided into: 

(a) Obstructive, due to Agents that 
reduce the lumen of the vessels. 

(b) Obliterative, reduction of vascular 
bed from intrinsic disease of the 
vessels. 

(c) Vaso-constrictive, due to func- 
tional contraction of muscular ar- 
teries. 


Before taking up these in detail, it is 
necessary to have some small understanding 
of the nature of the structures with which 
we are dealing. In the normal muscular artery 
the form and arrangement of elastic tissue 
is closely related to intravascular pressure. 
In a high pressure vessel, fibrils are long, 
uniform and arranged circumferentially, par- 
allel to each other. In a low pressure vessel, 
the fibrils are apt to be short and irregular 
in shape and distribution. In the fetus and 
the newborn infant, there is high resistance 
in the pulmonary vascular bed leading to 
pulmonary hypertension so the blood flows 
from the pulmonary artery through the patent 
ductus to the aorta. This is evidently brought 
about through collapsed lungs as well as 
through muscular constriction. In the new- 
born infant with high pulmonary artery pres- 
sure, the elastic fibrils are almost aorta-like. 
As soon as the lungs expand after birth and 
the ductus is obliterated, there is an abrupt 
fall in pulmonary artery pressure, and then 
further gradual diminution until the level 
approaches approximately 1/5 of the systemic 
pressure. Once the pressure has fallen there 
occurs, during the first three to six months 
of neonatal life, a change in the vascular walls 








65 JOURNAL DE L’ASSOCIATION CANADIENNE DES RADIOLOGISTES 


Vol. XII, September 1961 


to resemble that of the adult — a low pressure 
vessel'-*. This sequence of involution may be 
interrupted or prevented if there is some in- 
trinsic defect in the wall of the vessel itself, 
as perhaps may exist in so-called primary 
pulmonary hypertension, or very much more 
commonly if there is a two-fold or more in- 
crease in pulmonary blood flow. One would 
at first think that the appropriate pulmonary 
pressure could be maintained by relaxation 
of the vessels in the presence of an increased 
flow, but in such an instance there would 
be a large run off of blood into the lungs 
leading to a fall in the systemic pressure so 
that the vessels constrict to maintain a higher 
than normal resistance. Involution is pre- 
vented and the vessels continue to resemble 
the fetal. It has been called a high-resistance 
high-reserve vessel. With long continued hy- 
pertension, further changes may take place in 
the vessel wall, eventually leading to the 
high-resistance low-reserve vascular bed 
where the large muscular arteries exhibit ob- 
literative intimal changes, and smaller vessels 
may be dilated and thin beyond obstructive 
lesions. These changes have been graded 
one to six". Grades four, five and six cor- 
responding to a high-resistance low-reserve 
vessel may be quite irreversable even though 
pulmonary flow is reduced again to normal. 





Figure 1 — Mitral atresia with hypertrophy of the 


right ventricle and atrial parectasis. There is 
edema of the lungs and hypertension producing 
enlargement of the main pulmonary artery. 


Only very gross changes can be recognized 
in the pulmonary vessels by roentgenographic 
means. By careful inspection of the plain 
films and accurate observation of the be- 
havior and distribution of pulmonary arteries 


Neuhauser: Pulmonary Hypert: sion 


as seen through the fluoroscope or by the 
various techniques of serial or cinean “io- 
graphy, certain patterns can be detected hat 
will give clues to the nature of the mechar ism 
producing the pulmonary hypertension. EF ach 
of the three major types, which will nov. be 
considered in more detail, leads to a recog- 
nizable pattern that differs from the otner. 
The pattern too may vary somewhat with the 


age of the patient at the time of onset of the 
condition. 


Common Causes of “Passive” Pulmonary Ar- 
terial Hypertension. 


1. Anomalous pulmonary venous return: 
(a) Entering thoracic veins but with 
obstruction. 
(b) Entering below the diaphragm. 
2. Cor triatriatum. 
Tumor of the left atrium. 
4. Congenital or acquired mitral valve 
obstruction. 
5. Chronic left ventricular failure: 
(a) Myocarditis. 
(b) Endomyocardial elastosis. 
(c) Underdeveloped left heart 
drome: 
i Coarctation of the aorta. 
ii Aortic stenosis. 


- 


syn- 


In the presence of increased pulmonary 
venous pressure from any cause there is a 
compensatory rise in the arterial pressure, and 
frequently the pressure may continue to rise 
well beyond the level necessary to overcome 
the post-capillary resistance. The pulmonary 
vascular changes associated with hyperten- 
sion in acquired mitral stenosis have been 
thoroughly investigated®:''. There is seg- 
mental constriction of the pulmonary arteries 
in the lower third of each lung, meandering 
of many vessels and marked diminution in the 
rate of blood flow. The pulmonary veins may 
appear smaller than usual. The vessels to the 
upper portions of the lungs appear quite 
normal and exhibit a normal circulation time. 
Acquired mitral valvular disease is rarely 
encountered in Pediatric Radiology but there 
are a number of congenital malformations 
where the hemodynamics are similar. In con- 
genital mitral stenosis, mitral atresia (Fig- 
ure 1) or cor triatriatum, there is marked 
elevation of the left atrial pressure which is 
promptly reflected in an increase in post- 
capillary venous pressure. If arterial hyper- 
tension is present and significant, the lower 
third of each lung, if not obscured by con- 
gestion and edema, may appear ischemic when 
compared to the upper two thirds (Figures 2, 
3(a)(b)(c)). Septal lines, although frequently 
seen in older children, can be identifiec but 
rarely in infants. Pulmonary hypertersion 
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can rapidly ensue in association with anoma- 
lous pulmonary venous return when the pul- 
monary veins drain into the venous structures 
below the diaphragrn, the obstruction to 
venous return is usually so great that marked 
pulmonary edema occurs rapidly before there 
is any evidence of cardiac enlargement, and 
the patients will die unless operative cor- 
rection is instituted promptly. Pulmonary 
arterial hypertension is always present in a 
similar situation where the anomalous pulmo- 
nary veins are constricted before they enter 
one of the major systemic veins in the chest. 





Figure 2— “Passive” pulmonary hypertension due 
to chronic myocarditis. The lower third of each 
lung appears slightly more radiolucent. 





Figure 3(a) —Same patient as Figure 2. Pulmo- 
Nary arteriogram —. vessels in the lower third are 
constricted. 

Figure 3(b) — The finer vessels are tortuous and 
the lung appears ischemic in the lower third. The 
Opaque medium progresses normally through the 
‘Upper lung. 

Figure 3(c) — There has been little progression of 
the opaque medium inferiorly. There is a normal 
capi'lary and venous pattern in the upper lung. 


Neuhauser: Pulmonary Hypertension 


In these patients, it is usually possible, in 
addition to the changes already noted, to 
recognize the gross abnormality of caliber 
and pattern of these veins. The most striking 
example that we have seen is one in which 
there was constriction of the veins before 
they entered the greatly dilated azygous vein. 


There is one other group of lesions that 
must be considered among those that could 
well lead to “passive” pulmonary hyperten- 
sion. They have been called rather loosely 
“the underdeveloped left heart syndrome.” 
The most important of these are infantile 
coarctation of the aorta, aortic stenosis and 
sub-aortic stenosis either with or without 
endomyocardial elastosis. In these patients, 
because of an apparent inability of the left 
ventricle of the newborn infant to cope with 
the work imposed by overcoming the ob- 
struction to the outflow tract, there is, before 
hypertrophy of the left ventricle can occur, 
relative mitral regurgitation, dilatation of the 
left atrium with increased pressure in the 
atrium and in the pulmonary veins, most 
usually with failure and pulmonary edema, 
but if this does not rapidly lead to the demise 
of the patient or correction of the defect, 
then pulmonary hypertension could well fol- 
low. Myxoma of the left auricle is very rarely 
encountered in childhood but it too could 
produce a similar type of pulmonary hyper- 
tension. 


Common Causes of “Hyperkinetic” 
Pulmonary Arterial Hypertension. 


1. Congenital Heart Disease with left to 
right shunt: 

(a) Early — i) Ostium primum intera- 
trial septal defect. ii) Ventricular 
septal defect. iii) Patent ductus. 
iv) Aortic pulmonary fenestration. 

(b) Late — Ostium secundum intera- 

trial septal defect. 

2. Increased flow through one lung: 

(a) Pneumonectomy. 

(b) Agenesis of pulmonary artery. 

(c) Obliteration of pulmonary artery 
from extrinsic pressure. 


The hyperkinetic form of pulmonary hy- 
pertension is considerably more frequent and 
more important in childhood. In these lesions 
associated with increased pulmonary blood 
flow a number of patterns can be encountered. 
It might be helpful for understanding to 
examine briefly some experimental work 
carried out in puppies and in adult dogs'’”. 
Serial observations were made on the changes 
in pulmonary artery pressure, radiological 
and histological features of the pulmonary 
vessels after pneumonectomy or ligation of 
a single pulmonary artery. Acute occlusion 
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of a single pulmonary artery produced only 
insignificant changes in pulmonary artery 
pressure, but over the next several days pres- 
sure gradually rose and reached in subsequent 
months higher levels in the puppies than in 
the adult dogs. Two puppies and one adult 
dog showed a decrease in pulmonary artery 
pressure occurring after the initial rise. Pul- 
monary arteriograms revealed progressive 
dilatation and tortuosity of the pulmonary 
artery and major branches with pulsations 
increased in prominence well out into the 
periphery of each lung. The very finest 





Figure 4— Shortly after pneumonectomy the ves- 
sels in the opposite lung appear normal. 


vessels visible on the roentgenographic study 
appear to be diminished in number and in 
caliber. While tortuosity of the vessels was 
a striking feature in the adult dogs (Figures 
4 & 5), it appeared very much less prominent 
in the puppies (Figure 6). It is possible that 
the response of the pulmonary vasculature is 
related to the difference in the compliance of 
the major pulmonary vessels in the young 
dogs as compared to the adults, even though 
no significant difference was noted between 
histological features of the adult and young 
animals. Medial hypertrophy of the smaller 
and medium-sized vessels with an increase in 
the thickness of the wall at the expense of 
the lumen was present. In these animals, the 
pulmonary artery flow through the remaining 
lung would be roughly double at rest. Under 
conditions of stress or exercise the flow may 
be four or more times the normal, and it is 


Neuhauser: Pulmonary Hypert nsion 


now well documented that pulmonary hy per- 
tension does occur following pneumonect my, 
One would suspect that hypertension w \uld 
develop readily in the occasional very young 
infant who had had a pneumonectomy or who, 
at a very young age, suffered obliteration of 
one main pulmonary artery. It is also possible 
that the patient born with agenesis of one 
pulmonary artery will develop hypertensive 
changes in the other. 





Figure 5—Same adult dog as Figure 4. Twelve 
months later there is extreme ‘“Hyperkinetic” 
hypertension. The vessels are very tortuous. 





Figure 6 — Nine months following pneumone-tomy 
in a puppy. There is “Hyperkinetic” hypert:nsion 
but tortuous vessels are not prominent. 
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As yet we have not had the opportunity to 
study by cardiac catheterization any of our 
patients who underwent pneumonectomy be- 
fore the age of one month or any of the 
patients with agenesis of one pulmonary ar- 
tery. It is hoped that this work can be accom- 
plished in the future. 
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Figure 7 — Ventricular septal defect with pulmo- 
nary hypertension. The periphery of each lung is 
ischemic. The larger vessels are not tortuous. 





Neuhauser: Pulmonary Hypertension 


In a large ventricular septal defect, patent 
ductus arteriosus, or aortic pulmonary fenes- 
tration, the pulmonary flow may be torrential. 
It has been suggested that this high flow rate 
prevents the normal involution of the fetal 
vessels so that increased pulmonary resistance 
and resultant hypertension may be present 
from birth. However, in most of these pa- 
tients, initially, in addition to the usual car- 
diac changes associated with these abnormali- 
ties, one can see that the major trunks of the 
pulmonary artery may be greatly increased in 
size with an increase in the expansion of the 
pulmonary artery and major vessels carried 
well out into the periphery of the lungs. If 
severe hypertension follows, the pattern slow- 
ly changes with increasing size of the major 
pulmonary vessels and diminution in the size 
of the vessels in the mid and peripheral lung 
fields, giving the so-called pruned or po- 
llarded appearance of the pulmonary arteries. 
Even in the presence of rather severe hyper- 
tension, it is not common to see tortuous 
vessels (Figure 7). Great tortuosity is, how- 
ever, a feature of pulmonary hypertension 
associated with atrial septal defects (Figures 
8(a)(b)). In these patients, involution of the 
pulmonary vessels progresses satisfactorily, 
presumably because there is no significant 
increase in pulmonary blood flow during the 
crucial three or four months of neonatal life. 
Eventually, there is high pulmonary flow, 





Figure 8(a) and 8(b) — Hypertension due to increased flow from an atrial septal defect. The prominent 
vessels meander through the lungs. 
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medial hypertrophy follows and _ intimal 
changes occur. The main trunks of the pul- 
monary artery increase in size and show 
marked expansile pulsation, and tortuosity 
of the vessels may be striking. In the later 
stages, the peripheral vessels, as they do in 
the ventricular septal defect or patent ductus, 
diminish in size so that the periphery of each 
lung appears ischemic. With the development 
of significant hypertension, the left to right 
shunt may be reversed and cyanosis develop. 





Figure 9— Thirty minutes after the injection of 
minute plastic spheres into the pulmonary artery 
of an adult dog. There is obliteration of the finer 
vessels. The larger vesseis are very tortuous. 
Tortuosity does not necessarily mean hyperten- 
sion of longstanding. 


Common Causes of ‘Vaso-occlusive”’ 
Pulmonary Hypertension. 
1. Multiple congenital stenotic lesions of 
smaller arteries. 
2. Embolization: 
(a) Parasites. 
(b) Indwelling catheters. 
(c) Sickle cell disease. 
Primary pulmonary hypertension. . 
“Vasculitis” and Collagen diseases. 
Chronic pulmonary disease with em- 
physema. 
6. Excessive catecholamines? 
7. Hypoxia alone? or mixed with any of 
above. 


SPP 


Pulmonary hypertension due to  vaso- 
occlusive disease is not infrequent in infants 
and children. Some aspects can be studied 
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experimentally in animals by obstructing the 
very smallest muscular arteries by in_ro- 
ducing minute plastic spheres. Immediately, 
the major pulmonary vessels increase in  ali- 
ber, show increase in expansion, and wi hin 
thirty minutes marked tortuosity of the ves- 
sels of adult dogs may be observed. The 
finer vessels are obliterated and the lung 
periphery becomes clear (Figure 9). 


The vaso-constrictive form may be pro- 
duced quite readily in dogs by injections of 
serotonin. When this is done there appears 
to be constriction of all of the smaller muscu- 
lar arteries. Only the largest vessels remain 
unconstricted and these may show increase 
in pulsation. 


The obstructive form is seen in any con- 
dition which will produce repeated small em- 
bolization of the lungs and is not uncommonly 
encountered in children with sickle cell dis- 
ease. The possibility of emoblization with 
resultant obstructive pulmonary vaso-occlu- 
sive disease should be considered in any pa- 
tient who has had treatment for hydroce- 
phalus that includes a ventriculo-jugular or 
ventriculo-atrial shunt. Not infrequently 
thrombi form about the tip of the catheter 
with resultant embolization. The appearance 
of the pulmonary vessels varies somewhat 
with the number of emboli and their size. 
Minute emboli, lodging in the small periph- 
eral vessels, produce rapidly progressive dila- 
tation of the main trunks of the pulmonary 
artery with increase in the amplitude of pul- 
sation, tortuous vessels in the mid-lung fields 
and ischemic peripheral zones. A somewhat 
similar appearance is produced by a congeni- 
tal malformation of the vessels with multiple 
areas of stenosis of the middle-sized and 
smaller pulmonary arteries. 


Obliterative vaso-occlusive disease has 
been most frequently encountered in the 
Children’s Hospital as a primary pulmonary 
hypertension which is frequently familial and 
appears to occur more frequently in girls than 
in boys (Figure 10). We have had one family 
with three siblings dying of the disease. On 
roentgen examination, these patients have 
shown identical findings. The heart is usually 
only slightly enlarged with concentric right 
ventricular hypertrophy. The main trunks of 
the pulmonary artery are large and pulsate 
vigorously, but the vessels in the medial two 
thirds appear normal or even smaller than 
normal in size with quite clear and ischemic 
lung peripheries. Early in the onset of the 
disease, the changes are very difficult to 
recognize roentgenographically or to distin- 
guish from valvular pulmonic stenosis or 
from the very rare case of idiopathic pu'mo- 
nary artery dilatation (Figures 11, 12). 
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We have had the opportunity to observe 
a number of patients with pulmonary vascu- 
litis. It is probable that many of these patients 
in the acute phase of their disease showed 
areas of transudation or inflammatory reac- 
tion in the lung parenchyma, but eventually, 
as these disappear, one finds a roentgen pic- 
ture that is identical to that seen in idiopathic 
pulmonary hypertension (Figure 13). 





Figure 10 — Primary pulmonary hypertension. The 
main arteries are very large but the other vessels 
are greatly diminished in caliber. 





Figure 11— The normal pattern of the pulmonary 
arteries in a human. 


One would expect the frequent association 
of pulmonary hypertension with such long- 
Standing pulmonary disease as cystic fibrosis, 
but such is not the case. Less than 5% of our 
patients with cystic fibrosis, in spite of ex- 
treme emphysema, pulmonary infiltration and 
bronchiectasis, have shown clinical evidence 
or roentgenographic signs of pulmonary hy- 
pertension. It is likewise rare in the child 





Neuhauser: Pulmonary Hypertension 


with even very longstanding asthma or in 
such deforming conditions as kyphoscoliosis. 
In the few children studied with severe 
chronic pulmonary disease in whom hyper- 
tension has become manifest, the mechanism 
appears complex. Hypoxia with resultant 
increased flow and vaso-constriction certainly 
plays a part as do fibrosis, atelectasis and 
actual obstruction of vessels from disease. 





Figure 12 — Primary pulmonary hypertension. The 
injected specimen discloses little meandering, 
many of the smaller arteries are obliterated. 
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Figure 13—Ten year-old boy who had severe 
‘vasculitis’ six years before. The lungs are 
ischemic, the main pulmonary arteries prominent, 
and there is marked hypértrophy of the right 
ventricle. 
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One of the classic methods of producing 
pulmonary hypertension in dogs is by the 
injection of serotonin or 5-hydroxytrypta- 
mine, the chemical that is supposedly liber- 
ated in the secretory tumors such as carcinoid 
or neuroblastoma and sympathicoblastoma. 
However, in the human being there has not 
as yet been a truly authentic case reported 
where pulmonary hypertension has been due 
to this agent, although pathological changes 
within the heart have been noted. However, 
every patient with neuroblastoma should be 
carefully evaluated for evidence of 5-hydro- 
xytryptamine activity. 


I have not observed any patient who be- 
cause of hypoxia alone developed pulmonary 
hypertension, although this situation could 
well occur under certain circumstances. It 
is well known in animals which, shortly after 
birth, are removed from lowland pasture to 
considerable heights for grazing purposes. 
It is thought that brisket disease occurring 
in Colorado is the result of diminished oxy- 
gen tension with failure of involution of the 
vessels and persistent constriction of the 
vessels leading to hypertension and right 
heart failure, edema of the brisket being the 
outstanding clinical feature. A newborn in- 
fant taken rapidly from sea level to an area 
of lowered oxygen tension could well develop 
a similar condition. It is now clear that severe 
hypoxia produces a stress situation with 
increased pulmonary blood flow and constric- 
tion of pulmonary arteries. 


Summary 


In each of the three major forms of pulmo- 
nary hypertension, passive or post-capillary, 
or in the hyperkinetic or vaso-occlusive 
forms, pre-capillary in origin, one can expect 
to see a differing pattern of pulmonary ves- 
sels. The age of onset of the pulmonary 
hypertension may likewise influence the pat- 
tern. 


By careful observation of the behavior, 
caliber and distribution of the vessels and 
by analysis of associated abnormalities in the 
heart or lungs, one may detect the presence 
and suggest the etiology of pulmonary hyper- 
tension. 


Résumé 


On peut s’attendre a trouver un aspect 
particulier des vaisseaux pulmonaires dans 
chacune des trois principales formes d’hyper- 
tension pulmonaire suivantes: la forme pas- 
sive ou post-capillaire, la forme hyperkiné- 
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tique et la forme obstructive, d'origine fré- 
capillaire. Le moment ow s’installe l’hyper- 
tension pulmonaire peut également moditier 
cet aspect. 


Par une étude minutieuse du comporte- 
ment, du calibre et de la distribution des 
vaisseaux, ainsi que par l’analyse des anoina- 
lies coexistantes dans le coeur ou les pou- 
mons, il est possible de déceler la présence et 
de suggérer l’éetiologie d’une hypertension 
pulmonaire. 
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McEwan: Pus in Joints 


EARLY RADIOLOGIC RECOGNITION OF PUS IN THE JOINTS OF CHILDREN 


D. W. MacEWAN, M.D. and J. S. DUNBAR, M.D. 


Montreal Children’s Hospital 
Montreal 


Pyogenic arthritis in infancy and early 
childhood is dangerous to life and dangerous 
to the future growth and function of the joint. 
It occurs in the large joints of the extremities, 
the onset of the disease is often insidious and 
the clinical signs may be ill-defined and 
variable. 


It has been our impression that radiologic 
recognition of signs suggestive of pus in the 
joints is of great value and considerable 
accuracy. Non-purulent joint fluid collec- 
tions are uncommon in the first year of life, 
and the radiologist and surgeon should as- 
sume that unexplained joint capsule disten- 
tion in infancy is purulent until proven 
otherwise. In order to evaluate this major 
premise, we have reviewed the radiographs 
of the first X-ray examination of each of 35 
infants and children with suppurative arthri- 
tis. The results of this review, together with 
illustrative case histories and roentgeno- 
grams, are the subject of this presentation. 
A total of 46 joints were affected in these 35 
patients. 


We have divided the cases into two 
groups: those under one year of age. who are 
referred to as “infants”, and those over one 
year of age, classed as “children”. This does 
not correspond either to accepted legal or 
medical age classification, but has been par- 
ticularly useful in emphasizing early diag- 
nosis in very young patients. 


TABLE 


SEPTIC ARTHRITIS AT THE MONTREAL CHILDREN’S HOSPITAL 


Shoulder 
A. Joints Affected (Total 46) 


— infants 5 
— children 


B. Damaged Joints 


— infants 
— children 


C. Radiological Observations 
— soft tissue swelling 
— osteomyelitis 
— capsule distention 
a) fat mass displacement 
b) bone separation a 
~- osteoporosis 


wun 


Elbow 


Clinical Experience 


All of the patients at the Montreal Chil- 
dren’s Hospital who were diagnosed as having 
septic arthritis from 1951 to 1960 inclusive 
have been reviewed. The clinical experience 
is presented in tabular form in Tables I & II. 


The diagnosis was established with cer- 
tainty in 21 patients, as bacteria were grown 
from pus aspirated from the joints. In seven 
others the diagnosis is virtually certain as 
pus was aspirated and although organisms 
were not grown on culture, bacteria were 
found in blood cultures made before or at 
the time of aspiration. Seven cases without 
this bacteriological proof have very strong 
clinical, radiologic and indirect bacteriolo- 
gical evidence of the joint infection, and are 
included in this series with confidence. 


Males outnumber females to a considerable 
degree (28 males, 7 females), and in the first 
year of life there were almost as many pa- 
tients as in the next 15 years (15 infants, 
20 children). The hip and shoulder were 


TABLE I 


35 Patients 


Infants * 15 Male 28 
Children 20 Female 7 
* Patients under 1 year of age. 
II 
1951-1960 
Wrist Hip Knee Ankle 
2 14 3 1 
3 1 6 10 1 
2 6 
0 0 
5 1 20 13 2 
10 3 1 
3 7 12 
14 3 
2 
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important sites in the infant, while the knee 
and to a lesser degree the hip were more 
common sites in the older individual (Table 
IT). 

The relative frequency in infants is par- 
ticularly important radiologically because it 
may be difficult to make an early clinical 
diagnosis in this age group. The older child 
responds to septicemia and joint infection in 
a more expected manner and the clinical 
diagnosis in our series was suspected before 
the initial radiograph. In the infant, septi- 
cemia and joint infection may become mani- 
fest by irritability, apprehension, failure to 
feed well, failure to gain weight, vomiting, 
toxicity, cyanosis, palor, local swelling, mus- 
cle spasm, pain in handling, fever, elevation 
of pulse, or anemia. Sick infants are particu- 
larly difficult to handle, and this adds to the 
problem of clinical diagnosis. Sometimes 
radiologic examination may have to be done 
to explore the possibility of suppurative 
arthritis, and on other occasions it may be a 
surprise-finding when films are made for 
other purposes. Approximately half of the 
infants in this group were first diagnosed 
from the radiological examination. 


None of the children suffered significant 
joint damage. The infants fared much worse, 
with two elbows and six hips being per- 
manently damaged (Table II Section B and 
Case 5). These facts again stress the need 
for early diagnosis, as delay would likely have 
increased the number of poor results. 


Because of the relatively high incidence 
and the difficulties in diagnosis of suppura- 
tive arthritis in early life, the following case 
reports concern only infants. All of them 
were considered normal at birth and were 
discharged home from maternity hospital 
well. 


Case I: Male, H. R. 


This baby boy developed swelling of the right 
shoulder on the eleventh day of age. He was 
admitted to hospital four days later because of 
swelling and induration of the right arm starting 
at the shoulder and reaching to the elbow. The 
personal and family history were otherwise non- 
contributory, except that one member of the family 
had a sore throat. The hemoglobin was 13.6 grams 
and the white blood cell count 28,000 with 18,000 
neutrophils. 

X-ray examination (Figure 1) showed consider- 
able widening of the right shoulder joint, and Soft 
tissue swelling. Suppurative arthritis was diagnosed, 
and on aspiration 2 ccs. of sero-sanguinous fluid 
were removed. Culture of the blood grew beta 
hemolytic streptococci, while pus from the shoulder 
joint grew no bacteria. The child did well on 
antibiotic therapy and subsequent X-ray examina- 
tion showed periosteal new bone formation about 
the upper end of the right humerus which suggested 
that osteomyelitis had been present and had ini- 
tiated the septic arthritis. Likely the ultimate 
function of the shoulder will be normal, as one 
month after discharge from hospital there was no 
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abnormality on physical examination. This cise 


cannot be regarded as proven beyond doubt, in 
view of the failure to recover organisms from 
the joint fluid. 





Figure 1: Case I(a) — Right humeral head widely 
separated from glenoid fossa and marked soft 
tissue swelling in the region. 





(b) Normal left shoulder. 


Case II: Male, B. F. 


At age 2 months the baby developed an upper 
respiratory infection and became irritable. He was 
seen by a physician and no antibiotics were 
prescribed, since he did not appear to be ill. 
Within a week he had become very irritable and 
had a swinging fever as high as 105°. The left 
elbow was noted to be swollen and indurated and 
there was pain in the right hip area when the right 
thigh was manipulated. The white blood cell cunt 
was elevated to 18,000 with 13,000 neutrophils: the 
hemoglobin was 11.5 grams. 
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The first X-ray films (Figure 2) showed soft 
tissue swelling about the left elbow, and posterior 
displacement of the olecranon fat pad. The right 
hip joint (not illustrated) was partially dislocated 
and there was soft tissue swelling in the region. 





Figure 2: Case II(a) — Normal right elbow. 





(b)— Soft tissue swelling surrounding the left 
elbow and posterior displacement of the ole- 
cranon fat pad are marked by arrow. 
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No bone lesions were demonstrated in the elbow 
or hip. The diagnosis was septic arthritis in the 
two joints. Greenish yellow thick pus was aspirated 
from the right hip and the left elbow joints. Both 
aspirates and the blood grew staphylococcus py- 
ogenes on culture. 


The infant was started on antibiotic therapy on 
admission. The hemoglobin fell as low as 8.1 grams 
and responded to transfusion. Cortisone was also 
used for a short period of time and subsequently 
the child has done well. The hip joint is normal 
four months later and the elbow appears normal 
except for a slight lag in bone maturation and a 
minor defect in the lower portion of the humerus. 
It is possible that there may be some permanent 
damage of the elbow, although the joint now has a 
full range of movement, and the extremity is used 
normally. 


Comment: In these first two cases the clinical 
features were suggestive of septicemia 
and septic arthritis. In each child the 
diagnosis was made before the radio- 
graphs, and the films were of great help 
in identifying the nature of the disease 
and indicating that aspiration of the 
affected joints would likely yield pus. 





Figure 3: Case III — Four signs are present on the 
right side; soft tissue swelling of the thigh, dis- 
location of the hip, subperiosteal new bone forma- 
tion about the upper end of the femur, and the 
distended joint capsule displaces nearby fat 
planes. 


Case III: Male, M. M. 


At age 27 days the onset of swelling of and 
failure to move the right thigh was noted. He had 
a fever and had become irritable. Two days later 
on admission to the hospital he had considerable 
swelling of the right thigh and he kept his hip 
slightly flexed. The skin in the region was red. 
The hemoglobin was 12.3 grams, and the white blood 
cell count 15,000 with 9,000 neutrophils. 


The radiographs (Figure 3) showed marked soft 
tissue swelling of the thigh and separation of the 
bones of the right hip joint. Three ccs. of pus 
aspirated from the joint grew no bacteria on 
culture, but material aspirated from the soft tissue 
swelling nearby grew beta hemolytic streptococci. 
The child did well on antibiotic therapy, and the 
follow-up examination six months later revealed a 
normal joint by physical and X-ray examination. 
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Case IV: Male, S. B. 


This infant failed to gain weight and feed prop- 
erly. At the age of 11 days he refused all feedings 
and was irritable. When seen at this hospital at 
age 13 days he weighed 200 grams less than his birth 
weight and had a lump overlying the chest wall 
on the left side which the parents said had been 
present for two days. He had excessive nasal secre- 
tions and his temperature was 102°. There was 
suspicion that the thigh on the left was larger and 
firmer than normal. The white blood cell count 
was 27,000 with 20,000 neutrophils. The hemoglobin 
was 12.1 grams. No diagnosis could be made from 
the clinical findings, though septicemia was suspect- 
ed. It was not until the X-ray film made a day later 
(Figure 4) that septic arthritis was firmly diag- 
nosed. Then a needle was inserted into the left 
hip joint and a small amount of pus was aspirated 
to confirm the diagnosis. The hip joint was incised 
and 20 ccs. of thick yellow purulent material were 
sucked out of the region. The chest wall swelling 
also yielded 4 ccs. of pus on aspiration. No 
bacteria were cultured from blood or ‘aspirates. 
The ultimate result will likely be a normal hip, as 
function is normal and serial radiographs show the 
joint returning to normal 16 months later. 





Figure 4: Case IV — Soft tissue swelling about the 
left thigh and dislocation of the left hip. The fat 
planes that would indicate capsule distention have 
been obliterated by edema, and this sign is not 
useful. 


Case V: Female, J. L. 


The baby had a “cold” a few days after going 
home from the maternity hospital. At age 36 days 
the lower limbs were not used normally and the 
baby screamed every time they were moved. At 
age 47 days the baby was seen at this hospital and 
was admitted. She had not gained weight since 
birth even though the feeding history was said to 
be good. All four limbs were partially flexed. A 
grating noise was heard on movement of the upper 
limbs and the knees were seen to be swollen and 
could not be flexed or extended to any extent. The 
white blood cell count was 15,000 with 10,000 
neutrophils. The hemoglobin was 9.6 grams. 


The X-ray findings of this child were striking 
(Figure 5) with destructive lesions of the upper 
ends of both humerii, the upper ends of both femora, 
about both knees, and involving the talus of the 
left ankle. There was soft tissue swelling at all of 
these sites and the bones of the hip joints and of 
the left shoulder were separated. As well it was 
felt that there was fluid in both knee joints and the 
left ankle joint. Septic arthritis was diagnosed at 
each of these sites. 


Aspiration of the right hip was performed and 
2 ccs. of yellow thick fluid were removed. No 
positive cultures were obtained on this child from 
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the hip or blood. One year later the child has done 
fairly well except for a partially destroyed left hip 
joint which remained dislocated and has required 
orthopedic management and corrective surgery. 


Comment: In the last three infants the diagnosis 
appears obvious in retrospect, from 
summaries of the pertinent findings on 
clinical examination, by X-ray examina- 
tion, and in the laboratory. In the mana- 
gement, however, some of these findings 
had to be searched for diligently and 
the diagnosis was not obvious on first 
examination by a physician. In each 
infant when the appropriate X-ray ex- 
amination was performed the nature of 
the disease became clear. A high degree 
of suspicion is essential on the part of 
the referring physician and also the 
radiologist who interprets the films or 
who is asked to examine the patient 
with a puzzling clinical problem. 





Figure 5: Case V (a)—Both hip joints show 
osteoporosis, soft tissue swelling, dislocation 
and destructive lesions of the upper ends of the 
femora. 


Radiologic Abnormalities 


The signs that were found in the initial 
films are listed in Table II under radiological 
observations Section C. 


Soft tissue swelling (Figures 1 - 5) is a 
very general sign but-it does call attention to 
the abnormal joint. It was found in all of the 
46 affected joints and ranged from a subtle 
minor change to massive swelling of the 
whole part. Fortunately, in our experience, 
there was always another radiological sign, 
except in the one child with osteomyelitis 
of the wrist. 


Osteomyelitis (Figure 5) in the nearby 
metaphyseal region of the bone is seen in 
those patients in whom the septic arthritis 
is secondary to rupture of the inflammatory 
lesion into the joint space. If present, de- 
struction of a small part of the bone is usually 
seen in the early film although sclerosis and 
subperiosteal new bone formation were oc- 
casionally present. Eight of the infants ex- 
amined had osteomyelitis in the first radio- 
graph. 
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Capsular distention of the joint by pus is 
very important and it manifests in two man- 
ners. There mav be bone separation (Figures 
1, 3, 4, and 5) due to the pressure generated 
by the inflammatory process. In the shoulder, 
the humeral head is pushed out of the glenoid 
fossa; in the hip the femoral head is pushed 
outwards and then pulled upwards from the 
acetabular fossa; in the knee, the patella is 
displaced from the femur. No separation of 
bone occurs in the elbow, wrist, or ankle due 
to the strong ligaments of these joints. The 
patellar displacement is best appreciated 
when the patella is ossified, although it may 
be detected before this if there is only 
moderate surrounding soft tissue swelling. 
Fortunately fat mass displacement occurs in 
the elbow (Figure 2) and ankle joints and 
allows detection of capsular distention. The 
wrist joint is small and tightly confined by 
stout ligaments and no significant distention 
of it can be detected radiologically. In the 
hip joint, capsular distention may be detected 
by fat plane displacement and or the separa- 
tion of the bones described above. 


Osteoporosis of the bones of the joint was 
only detected early twice, and in each case in 
the hip. Later, it was seen in all the children. 
Discussion 

in the last decade the radiological diag- 
nosis of liquid under pressure in the large 
joints of the body has been greatly advanced. 
Lewis":‘ deserves much credit, as his approach 
to the study of soft tissues about the knee 
allows accurate recognition of capsule dis- 
tention of free liquid. In a similar manner 
joint capsule distention has been radiolo- 
gically defined in the hip by Drey”, Hermel 
and Sklaroff'; in the elbow by Norell‘, Kohn’, 
and Bledsoe and Izenstark'; and in the ankle 
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by Weston!''. Their contributions have been 
of great help and are the basis for the observa- 
tions “fat mass displacement” in Table I, 
Section C. This was particularly true in the 
older children where the fat planes are larger, 
easier to see, and less frequently obliterated 
by local edema and inflammation. 


Watkins et al'” in 1956 stated “The roent- 
genographic examination may be of little help 
in the early stages of the disease, although 
occasionally the pressure of capsular disten- 
tion may be revealed by the soft tissue 
shadows.” Eyre-Brook* and Obletz” report 
much better experience in the hip; all the 
cases of Obletz” were diagnosed radiological- 
ly. Our review shows equal success with the 
hip, and similarly the other major joints of 
the extremities may be accurately assessed 
early in the disease. 


We believe that the high incidence of 
positive and correct diagnosis in our series 
strongly supports the thesis that distention of 
the large joints in babies must be considered 
to be purulent until proven otherwise. We 
have not attempted to do a “control” study, 
because infants, particularly very young ones, 
with distention of large joints by fluid of 
non-infectious origin, are indeed rare. Ex- 
ceptions must of course be made of clearly 
traumatic joint fluid collections, which are 
common at any age. If the radiologist will 
maintain a high index of suspicion regarding 
joint infection in early infancy, and search 
carefully for the cardinal signs of soft tissue 
swelling, bone separation and fat plane dis- 
placement in sick patients in this age group, 
diagnostic accuracy will increase. The im- 
portance to life and limb in such early diag- 
nosis should be self-evident. In disease of 





(b) & (c) — Left knee. Soft tissue swelling, destructive bone lesions of the femur and tibia, and distention 


of the capsule of the knee joint. 
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insidious onset and slow course (as in Case V 
above), every day counts; in fulminating 
cases, every hour wasted is disastrous. 


Summary 


A decade’s experience of 35 infants and 
children with septic arthritis was reviewed. 
All had radiological signs of inflammation 
and nearly all had radiological signs of joint 
fluid in their first roentgenograms. Five case 
reports with illustrations present the clinical 
problem in the infant. The radiologist, when 
conscious of the nature of the disease, can be 
highly accurate in detecting those joints that 
likely contain pus. 


Résumé 


I] s’agit d’une revue de 35 cas d’arthrite 
septique chez des nourrissons et des enfants 
survenus au cours des dix derniéres années. 
Tous les cas revus présentaient des signes 
radioiogiques d’inflammation et presque tous 
avaient des signes radiologiques de liquide 
intra-articulaire des les premiéres radiogra- 
phies. Cinq cas rapportés avec illustrations 
servent a exposer le probléme clinique chez 
le nourrisson. Le radiologiste, au courant de 
la nature de la maladie, peut identifier avec 
précision les articulations susceptibles de 
contenir du pus. 
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BOOK 


An Atlas of Normal Radiographic Anatomy, by 
Isadore Meschan with the assistance of R. M. F. 
Farrer-Meschan, 759 pages, 1446 illustrations on 
412 figures. W. B. Saunders Company, Philadelphia, 
1959. 


Most of this excellent book consists of illustra- 
tions to define normal radiographic anatomy. This 
is achieved by a sketch of the method of positioning, 
an illustrative film, and a line drawing of the film 
with identification of the anatomical parts. All of 
the commonly used projections and many of the 
less frequently needed are included. 


The atlas has been prepared for physicians who 
are not radiologists, resident radiologists and X-ray 
technicians. It meets their needs well as the em- 
phasis is upon the lucid figures with sufficient text 
to unite them and orient the reader. The book need 
not be read completely but is easily used as a 
reference due to its simple and logical arrangement, 
and to a good index. 


An earlier edition was the first book this 
reviewer read as a radiology resident, and it served 
well in rapid, yet accurate orientation. This newer, 
larger edition is a better book. 

D.W.M. 


Vertebral and Carotid Angiograms in Tentorial 
Herniations, by Hans F. Plaut, M.D.. with a fore- 
ward by Juan M. Taveras, M.D., Charles C. Thomas 
— Publisher, Springfield, Illinois, 1961, $10.50. 


REVIEWS 


The content of this book is the result of much 
basic research into the normal and abnormal ana- 
tomy of the tentorium cerebelli, especially the 
position and shape of the margins of the incisura 
and the relation of the posterior cerebral and 
superior cerebellar arteries to the incisura. 


Part I contains many roentgenograms, diagrams 
and cadaver angiograms demonstrating these ana- 
tomical facts very clearly. Part II is a discussion 
of various cases of herniation through the incisura 
tentorii, both descending and ascending. Illustra- 
tions by means of angiograms (mainly vertebral) 
depict the various types of displacements of the 
posterior cerebral and superior cerebellar arteries. 
Side to side displacement of cerebral tissue through 
the opening in the falx cerebri is described and 
illustrated. The subject matter is easily understood 
and line drawings greatly enhance the reproductions 
of the roentgenograms. 


The book has limited application because of the 
topics discussed. It does clarify many points about 
the diagnosis of herniation through the incisura 
tentorii and will be found very useful to those 
dealing with cerebral angiograms, even occasionally. 
The bibliography is complete. 


134 pages (exclusive of bibliography). 


133 roentgenographic reproductions and _ line 
drawing illustrations. 


D.G.W. 
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Wollin: Coronal Cleft Vertebrae 


CORONAL CLEFT VERTEBRAE and 
PERSISTENT NOTOCHORDAL DERIVATIVES OF INFANC) 


D. G. WOLLIN, M.D. 
G. B. ELLIOTT, M.B., B.S. 


A coronal cleft vertebra is one in which 
an axial radiolucent band is seen in the lateral 
roentgenogram of the spinal column, usually 
traversing partly or completely one or more 
adjacent vertebral bodies. This has been re- 
garded, together with sagittal cleft vertebra, 





Figure I, Case 1. 

Lateral roentgenogram of excised lumbar vertebrae. 
Radiolucent bands in bodies of L1 and L2 vertebrae 
correspond to persistent notochordal tissue. 


-__. 


‘From the Department of Radiology, Kingston 
General Hospital, Kingston, Ontario and the De- 
partment of Clinical Pathology, Calgary General 
Hospital, Calgary, Alberta, Canada. 


as an anatomical variant of ossification. We 
report three radiologically similar cases, one 
of which was due to persistence of axial 
notochord; one other was due to clefts of 
cartilage indenting the ossification centres 
of the vertebral bodies from each side. Noto- 
chordal remnants were present in the bodies 
of the vertebrae involved. 








Figure Il, Case | 

Sagittal section of lumbar vertebrae. Persistent 
notochordal remnants corresponding to radiolucent 
defects in Ll and L2 vertebral bodies (white 
arrow). Small nodules of notochordal tissue in 
bodies of L3 and L4 not visible in roentgenogram 
(black arrows) (see Figure I). 


Case i. 


Baby Boy H. 


This newborn male infant was examined within 
hours of birth because of persistent vomiting. 
Roentgenologic examination showed high intestinal 
obstruction, and on exploration volvulus of the mid 
gut with peritonitis was found. The infant died 
soon after surgical reduction. 


Lateral views of the abdomen made during 
roentgenologic examination demonstrated corona! 
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clefts in the vertebral bodies of L1 and L2. (Fig- 
ure 1.) On section no coronal cleft was present, 
but a cylindrical core of gelatinous white cartilage 
was seen, running through each corresponding 
vertebral body (Figure 2). In line with these a 
tiny nodule of similar cartilage was seen buried in 
L3 and L4 vertebral bodies which had not been 
visible in the roentgenograms (Figure 2). The 
cartilaginous rods lay at the junction of the pos- 
terior one-third and anterior two-thirds of the 
antero-posterior diameter of these vertebrae. The 
affected bodies were slightly increased in antero- 
posterior diameter. Microscopically the section 
showed a central core of irregularly arranged 
cartilage cells in a very loose matrix of connective 
tissue mucin, indicating notochordal derivation. No 
columnar endochondral ossification was detected at 
the margins of the rod (Figure 3). 


Figure Ill, Case 1 
Photomicrograph of upper aspect of L1 vertebral 


body (see Figure II). Endochondral bone forma- 
tion (long arrow) is seen on the disc surface. 
Axial core with notochordal features (small arrow), 
enters the vertebral body. This produced the 
radiolucent band visible in the roentgenogram. 
Case 2. Baby Boy D.B. 

A three week old male infant was admitted to 
hospital because of an upper respiratory tract in- 
fection. A lateral view of the chest fortunately 
included the entire spinal column. This showed a 
radiolucent coronal band in the body of L2 and a 
less well defined band in L4 at the junction of 
posterior one-third with anterior two-thirds of 
these vertebral bodies. The body of L2 was slightly 
increased in antero-posterior diameter, but de- 
creased in transverse diameter (Figure 4). The 
child was discharged from hospital when the acute 
iliness had subsided. No other anomalies were 
evident. Follow-up examination has not been pos- 
sible. 
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In order to determine if this appearance vas 
common in the pre-natal period, the vertebral . ol- 
umns of eight foetuses, born by spontaneous abor- 
tion and ranging in gestation from nineteen to 
twenty-six weeks were examined by means of lateral 
roentgenograms. One of these demonstrated coronal 
clefts, and it is described as Case 3. 





Figure IV, Case 2 

Lateral roentgenogram of lumbar spine. An axial 
radiolucent band is seen in the bodies of L2 and L4 
vertebrae, in the plane of the notochord. 


Case 3 


This was a five and one half month stillborn 
male foetus weighing thirteen and a half ounces. 
The mother, aged thirty-one, was healthy and had 
given birth to six apparently healthy normal chil- 
dren, all alive and well. The foetus showed a mild 
talipes equinovarus, but- no other anomalies. 


Roentgenograms demonstrated coronal clefts in 
the vertebral bodies of Li and L2 (Figure 5). On 
serial section there was a bilateral coronal fissure 
in each of the two vertebrae, more marked on 
the right side (Figure 6). Microscopic examination 
showed normal endochondral ossification on each 
margin of the cartilage which filled these lateral 
clefts. However, the cartilaginous clefts showed 
no central fusion, a core of persistent notochordal 
cells filled the interval between them. 


Discussion 


Vertebral bodies are formed from fusion 
of two lateral centres of chondrification, in 
which a central solitary centre of ossification 
appears. Failure of fusion of lateral cartilagi- 
nous centres, with subsequent development of 
separate lateral ossification centres, results 
in a sagittal cleft vertebra. The appearance 
of a small posterior and a larger anterior 
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ossification centre results in coronal cleft 
vertebra. The cause of failure of fusion 
between chondrification centres is the crux 
in each case. 


All authors are agreed that the situation 
for coronal defects is characteristically at 
the junction of the anterior two-thirds 
with the posterior one-third of the vertebral 
bodies. The defects have been described in 





Figure V, Case 3 

Lateral roentgenogram of foetal lumbar spine. Axial 
radiolucent band seen in bodies of Ll and L2 
vertebrae. 





Figure VI, Case 3 

Supero-inferior roentgenogram of L1 and L2 verte- 
bral bodies. Corcnal clefts demonstrated in bodies 
of Ll and L2 (arrow). Between the clefts in each 
centre of ossification a small nidus of notochord 
persists (not seen in above reproductions). 
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this position in dorsal and lumbar vertebral 
bodies, but not elsewhere in the vertebral 
column. This corresponds to the position 
of the notochord. The notochord normally 
occupies a more anterior position in cervical 
and sacral levels, extending anteriorly even 
to the point of lying in contact with pha- 
ryngeal and pre-sacral soft tissues in some 
instances; hence the rarity of coronal defects 
in these segments of the spine. A number 
of authors viz. Reisner‘, Frets*®, Sereghy” 
and Schinz'’ have noted that the clefts are 
occupied by notochordal or “inter-vertebral 
disc tissue”. Meyer-Burgdorff and Klose- 
Gerlich® show a horizontal cross section of 
a coronal cleft vertebra which is very similar 
to that illustrated in Figure 6. According 
to Schmorl and Junghanns'' persistence 
of notochord plays a prominent part in 
disturbing vertebral development so that a 
“butterfly” vertebra results. In the cervical 
region Ehrenhaft-, and Fallon, Gordon and 
Lendrum* have shown that notochordal per- 
sistence prevents fusion of laterally situated 
cartilaginous vertebral halves producing cer- 
vical sagittal cleft vertebrae. Cohen, Guido 
and Neuhauser' express the opinion that 
coronal clefts represent an anomalous method 
of ossification of vertebral bodies in which 
the ossification centres meet in the plane of 
the notochord. Such observations suggest 
that coronal and sagittal cleft anomalies of 
lumbo-thoracic vertebrae are a result of noto- 
chordal persistence inhibiting fusion of ver- 
tebral anlagen. 


In one case reported the defect remained 
open until thirty-two months after birth at 
which time it was almost closed. There is a 
strikingly high sex incidence in favor of the 
male. Thus, of 28 cases reported by Rowley*, 
25 were in male infants. The three cases 
reported here were maies. Associated con- 
genital abnormalities are more frequent in 
foetuses and infants which show this anoma- 
lous ossification of the vertebrae. In Cohen’s' 
series, out of a group of 200 infants being 
investigated for some type of congenital 
anomaly (tracheo-oesophageal fistula, imper- 
forate anus, etc.), 13 had coronal clefts verte- 
brae, while in a control group of 200 picked 
at random, only 4 showed this condition. 
Some degree of meningocele occurred in 4 
and, oddly enough, an imperforate anus was 
present in 6 of these 13 infants. One of the 
infants, in our report had a mid-gut volvulus, 
and another showed talipes equinovarus. 


It is possible to detect this developmental 
aberration in utero, Fawcett'. Of Rowley’s* 
28 cases, 15 were demonstrated during preg- 
nancy. In view of the possibility of associated 
congenital anomalies, this may be an impor- 
tant observation. 
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Summary 


Three cases of “coronal cleft vertebrae” 
have been described, and in two, microscopic 
study was possible. One was due to a radiolu- 
cent axial rod of notochord, and in the other 
lateral clefts filled with cartilage were pres- 
ent in the plane of a notochordal remnant. 


Observations from the literature indicate 
that notochordal persistence delays or pre- 
vents normal fusion of the usual vertebral 
anlagen, producing anomalies such as coronal 
and sagittal cleft vertebrae. 


Generally, coronal cleft vertebra is con- 
sidered as a variant without clinical implica- 
tions, occurring almost exclusively in males, 
but reported series have shown a higher in- 
cidence of associated congenital anomalies. 
Its observation is important for these reasons. 


Résumé 


Les auteurs présentent trois cas dans 
lesquels le film de profil de la colonne lom- 
baire démontre une bande _ radio-transpa- 
rente dans un ou plusieurs des corps verté- 
braux a l’endroit ot se trouve normalement 
la notochorde. 


Ceci est considéré comme une variation 
normale de l’ossification des corps vertébraux 
lombaires ou dorsaux. 


Deux faits intéressants ayant une corréla- 
tion réciproque sont mentionnés: 
1— cette variante s’observe presque uni- 
quement chez les males. 
2— la coexistence d’anomalies congénita- 
les est plus fréquente. 


Cette anomalie peut par conséquent étre 
considérée comme significative lorsqu’elle est 
découverte in utero. 
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BOOK REVIEW 


The Physics of Radiology, py Harold Elford 
Johns, M.A., Ph.D., F.R.S.C., LL.D. Charles C. 
Thomas, Publisher, Springfield, Illinois, 1961. 767 
pages, $21.50. 


The first edition entitled ““The Physics of Radia- 
tion Therapy”, published in 1953, has been com- 
pletely revised and expanded to more than twice 
its original length. Besides enlarging and revising 
each of the original chapters, the author has added 
chapters on Physical Principles of Diagnostic Ra- 
diology, Clinical Uses of Isotopes, Radiation Pro- 
tection, Radiobiology, Rotation Therapy and Com- 
bination of Fields for Clinical Uses. 


The book discusses the entire field of radiation 
physics in a clear manner and provides the consi- 
derable data required for the correct application 
of radiation physics in both diagnostic and thera- 
peutic radiological departments. 


As in the first edition, the processes by which 
a beam of radiation imparts its energy to tissue is 
discussed in detail, particular emphasis being placed 
on energy absorption. By the use of many examples 
and problems, the author has clearly illustrated the 


concepts of absorbed dose and exposure dose. From 
this, the logic of using the rad as an expression of 
absorbed dose is more clearly understood. 


The trend toward the use of cobalt, caesium 
and other supervoltage equipment by radiothera- 
pists is reflected in the illustrative problems pre- 
sented in the chapter on Combination of Fields for 
Clinical Uses. 


An appendix crammed full of tables on absorp- 
tion coefficients, conversion factors, stopping 
powers, depth dose data for circular, as well as 
rectangular fields, scatter functions, and selected 
isodose curves augments the many illustrated ex- 
amples in the book. In addition, the author con- 
cludes each chapter with a set of problems. 


The author has certainly achieved his goal of 
providing a most useful text book for both the 
student in physics as well as the student in diag- 
nostic or therapeutic radiology — a must for all 
radiology departments. 


S. Fedoruk 
C. C. Burkel 





JOU! 


Vol. XII 


Th 
selecti 
kilocu 
impro 
teleth 
the ce 
that tl 
consta 
this s 
crease 
Equip 

Th 
standz 
Super 
manuf 
Ltd. 
of Col 
an ou’ 
metre 
The a 
of 5.0 
sides » 
source 
in a v 
76 cm 
of 44 « 
capab 
dose 1 
ment 
chamk 
3.8 mn 
actuat 
mover 
chani: 
free a 
tories 
Const 

Ez 
of a 
phrag 
tom. 
to des 
tive 1 
The « 
these 
12 cm 
anoth 
sourc 
empit 

All } 


are 
obta 


le 
il- 
ng 
it- 


ri- 
ne 


die 


ip- 


2m 





JOURNAL OF THE CANADIAN ASSOCIATION OF RADIOLOGISTS 82 


Vol. XII, September 1961 


Chaundy: Beam Flatteners 


BEAM FLATTENERS FOR A TELETHERAPY UNIT 


C. J. F. CHAUNDY, M.A. 
Atomic Energy of Canada Limited 
Commercial Products Division 
Ottawa, Canada 


This article describes the performance of 
selective absorbers placed in the beam of a 
kilocurie teletherapy machine as a method to 
improve the shape of the radiation field from 
teletherapy units. A beam flattener attenuates 
the central portion of the emitted beam so 
that the distribution of energy is more nearly 
constant in this central region. The value of 
this straight line distribution lies in an in- 
crease to the useful beam width. 

Equipment 

The present work was carried out on a 
standard production unit of the Eldorado 
Super “G” Cobalt*® Teletherapy Machine 
manufactured by Atomic Energy of Canada 
Ltd. The unit was loaded with 3,200 curies 
of Cobalt" in a 2 cm. diameter source having 
an output of 48 roentgens per minute at one 
metre from the bottom surface of the source. 
The adjustable diaphragm on the unit consists 
of 5.0 cm. thick tungsten blocks with vertical 
sides which are situated at 34.9 cm. from the 
source. The field measurements were made 
in a water bath phantom, having dimensions 
76 cm. long, 51 cm. wide and filled to a depth 
of 44 cm., with an isodose plotting instrument 
capable of drawing the contours of constant 
dose rate that exist in the bath. The instru- 
ment consists of a waterproofed ionization 
chamber having a cavity 18.5 mm. long by 
3.8 mm. diameter, which is attached to a servo- 
actuated remotely controlled arm, whose 
movements are duplicated by a similar me- 
chanism driving a recording pen in a radiation 
free area. The plotter was built in the labora- 
tories of A.E.C.L. 


Construction 


Early work showed the effect on the field 
of a given flattener varied both with dia- 
phragm opening and with depth in the phan- 
tom. From the start, therefore, it was decided 
to design two flatteners to cover a representa- 
tive range of clinical treatment conditions. 
The centre points of design chosen to meet 
these conditions were a phantom depth of 
12 cm. with one field size at 20 x 20 cm.* and 
another at 14 x 14 cm. and both at 75 cm. 
source to skin distance. The flattener shape 
empirically evolved is one of spherical form 


_——. 


All field sizes and diaphragm openings given here 
are expressed in terms of the geometrical field 
obtained from a point source. 


with the two shapes differing only by their 
radii of curvature. The flatteners are fabri- 
cated from brass, and are only large enough 
to intercept the direct radiation emitted from 
the diaphragm port. Brass was chosen because 
it is readily available, is easily machined and, 
at short diaphragm to skin distances, the 
skin dose due to secondary electron emission 
is minimized’. In use the flatteners are placed 
in accessory guide rails attached to the bot- 
tom face of the therapy head; this enables 
them to be quickly and accurately positioned 
in the beam and to be easily removed when 
the optical beam is required in the preparation 
of a patient before treatment. Flattener “A” 
is 10.0 cm. square which is equal to the geo- 
metrical beam dimensions at the flattener 
position for a 20 x 20 cm. field at 75 cm. SSD. 
Figure 1, and flattener “B” is 7.0 cm. square 
equivalent to the geometric dimensions of 
the 14 x 14 cm. field at the position of the 
flattener. 


SOURCE 


34.9 CM 





TUNGSTEN BLOCKS 


! 





| FLATTENER ‘A 
ACCESSARY GUIDE RAILS— — 


75 Cm sso. 


Figure 1— Schematic drawing showing the rela- 
tionship of the source, the tungsten defining block 
and the beam flattener relative to the geo- 
metrical beam. 
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Beam Characteristics 


In the isodose chart of Figure 2, where the 
normal and beam flattened curves have been 
drawn with no change made in the diaphragm 
aperture, with the treatment centre (TC) 
situated at a depth of 13 cm. and having a 
90 per cent lateral dose uniformity, the beam 
width has been raised from 18.0 cm. to 21.2 
cm., equivalent to an increase of 18 per cent. 
With flattener “B” and a 14 x 14 cm. field, 
the gain in beam width at 12 cm. depth is 1.4 
cm., from 13.0 cm. to 14.4 cm., an increase of 
11 per cent. If a 95 per cent lateral dose 
uniformity is required for a tumour at 11 cm. 
depth and a 20 x 20 cm. field, the flattened 
beam width is increased by 6 cm. over the 
normal curve, a gain of 43 per cent. Similarly 
with flattener “B” and a 14 x 14 cm. field the 
beam width increase is 3.5 cm., a 35 per cent 
gain. This quality of a flattener enables 
smaller diaphragm openings to be used for 
a given tumour dose uniformity, or conversely 
greater tumour dose uniformity for the same 
diaphragm opening. At depths less than that 
of the design point, the isodose contours be- 
come progressively overcompensated, and at 
greater depths progressively undercorrected. 
Figure 3 illustrates this. 


A further effect of the beam flattener is 
in a reduced penumbra, where the penumbra 
width is arbitrarily defined as the distance 
between any designated pair of isodose lines 


Figure 2 — Isodose curves drawn with and without 
flattener “A” in the beam. Diaphragm opening 
unchanged for the two sets of curves (20 x 20 cm 
at 75 cm SSD). 
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measured at the depth of the 100 per cent 
line. The penumbra width between the 90 and 
53.5 per cent lines for a 20 x 20 cm. field is 
reduced from 1.2 cm. for the normal curve 
to 0.8 cm. for the flattened curve, a reduction 
of 33 per cent, while the 53.5 to 15 per cent 
width remains unaltered. Using flattener “B” 
for the 14 x 14 cm. field the penumbra width 
is decreased by 18 per cent, from 1.1 cm. to 
0.9 cm., between the 90 and 51 per cent isodose 
lines and is again unchanged between the 51 
and 15 per cent lines. 


100 


= 


Figure 3— Complete beam flattened isodose chart. 
Diaphragm opening set for a geometrical field 
of 14 x 14 cm at 75 cm SSD. 




















43 


Although each flattener performs best at 
the field size and phantom depth selected, it 
is to be noted that their usefulness is by no 
means so narrowly restricted. The perform- 
ance of flattener “A”, as shown in Figure 4, 
at source to skin distances varying from 85 
to 45 cm., all at a phantom depth of 12 cm, 
is clearly seen to be independent of the SSD. 
When smaller field sizes are employed pre- 
dominance of the penumbra over the whole 
field grows larger and therefore the relative 
influence of the flattener over the central 
region grows less, cf. Figure 5. With the 
present two flatteners there is virtually no 
improvement at the 6 x 6 cm. and 4 x 4 cm. 
fields. Apart from the mid-section planes, 
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fieid characteristics were drawn through 
diagonal planes and at planes close to the 
edges of fields. The behaviour of the beam 
in rectangular fields as against the square 
field was also determined. Throughout these 
measurements the improvements noted earlier 
were maintained. Where extreme rectangular 
fields are encountered, namely 20 x 4 cm., the 
flattened beam becomes a little overcompen- 
sated. 


The improvement in beam characteristics 
is obtained at some loss to the source output. 
Measured in air at 75 cm. from the source, 
flattener “A” causes a 29 per cent dose rate 
reduction in the centre of the field, and 
flattener “B” a 27 per cent reduction. 


Figure 4— Performance of beam flattener “A” at 
various source to skin distances. Diaphragm 
opening, equivalent to 20 x 20 cm at 75 cm SSD, 
kept constant. 


Integral Dose Measurements 


The ability of flatteners to increase the 
effective beam width should lead to a re- 
duced integral dose in the patient. To measure 
this the diaphragm openings required to give 
equal tumour dose uniformity of 90 per cent 
(at a phantom depth of 12 cm.) were experi- 
mentally established for the normal and flat- 
tened beams (Figure 6). A Perspex bath 
measuring 29 x 30 x 30 cm. high was filled 
with ferrous sulphate dosimetric solution to 
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Figure 5— Performance of the flatteners at vari- 
ous diaphragm openings with the source to skin 
distance held constant at 75 cm. 


Figure 6 — Diaphragm openings for equal tumour 
dose uniformity for the integral dose measure- 
ments at 75 cm SSD 
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a depth of 20 cm. and exposed in turn to the 
two different beams, while the central dose 
at 12 cm. depth was kept constant by ad- 
justing the exposure time to compensate for 
the attenuation in the flatteners. At the con- 
clusion of each exposure the solution in the 
bath was thoroughly stirred and a few milli- 
litres of the homogenous liquid was then 
transferred to a Beckman spectrophotometer 
and the ultra-violet optical density measured. 
These particular readings could be repro- 
duced to better than 1 per cent. The volume 
of solution in the bath was accurately deter- 
mined, and held to this figure throughout 
the measurements, and from this known vol- 
ume and the optical density reading the total 
absorbed dose, which was in the region of 
4x 10" ergs, could be ascertained. For a treat- 
ment width of 17.8 cm. with 90 per cent uni- 
formity, flattener “A” reduced the integral 
absorbed dose by 10 1.5 per cent while 
flattener “B’’, for a treatment width of 14.4 
cm., reduced the integral dose by 3 1.5 per 
cent. 


Summary 


Brass absorbers placed in the beam of a 
kilocurie cobalt unit have been shown to 
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increase useful beam width, reduce penumbra 
width and to reduce the integral dose. 


Résumé 


Le faisceau de radiation émis par un appa- 
reil de télécobalt donne des courbes d’isodoses 
dont la partie centrale est sensiblement con- 
cave. Grace a des disques de laiton de forme 
appropriee, il a été possible d’atténuer l’inten- 
sité centrale du faisceau et d’obtenir une 
courbe d’isodose pratiquement plane en son 
centre. I] s’ensuit une pénombre réduite avec 
un faisceau de diamétre agrandi. En utilisant 
un tel faisceau modifié on réduit le volume 
de tissu irradié et la dose intégrale sans pour 
cela diminuer la dose tumorale. 


ACKNOWLEDGEMENTS: I wish to thank 
Mr. R. Kirkpatrick for undertaking the major 
part of the experimental work and to Mr. 
F. G. Rice for his continued interest and 
co-operation. 


REFERENCE 
1. Richardson, J. E., Kerman, H. D., Brucer, 


M., Skin Dose from a Cobalt” Teletherapy Unit, 
Radiology, 63, 25-36, 1954. 





BOOK 


The Pathology of lonizing Radiation, by Shields 
Warren. Published by Cnarles C. Thomas, 1961, 
$3.00. 


This thirty-eight page booklet is a simplified 
introduction to the radiobiology of ionizing radia- 
tion. Although the text consists of an expanded 
lecture delivered before the Michigan Pathological 
Society, its stated purpose is to guide the informed 
layman between the “prophets of doom of the 
atomic age and the prophets ’ . of nuclear utopia. 
Apart from examination of the excellent selection 
of references, many radiologists will prefer to wait 
for the author’s presentation of a monograph. 
describing the detailed pathology and radiobiology 
for which his studies during the past fifteen years 
have particularly qualified him. 


R.M.C. 


Radiologic Records, by Sister Christine Spirko, 
CS.5., &.T., B.S...in RT., M.A. F.AS.T.,. Chacles 
C. Thomas, Publisher, Springfield, Illinois, 304 
pages, $8.50. 


This book is, as stated in the forward by Dr 
Joseph Selman, an attempt by the author to do what 
no other has been fit to do — to collect, systematize 
and explain the various ways in which radiologic 
records may be managed. This reviewer’s im- 
pression is that the result, while only a partial 
success, is nevertheless a valuable contribution. 


The book is sufficiently small and handy to 
frighten no one who is trying to learn about this 
difficult and important subject. It is printed on 
high quality stock with clear, legible type, and 
moreover is readable. It contains much valuable 


REVIEWS 


information, obviously the result of years of study 
and well-organized, thoughtful reading. The biblio- 
graphy is well arranged and clearly presented; it 
invites the reader to inquire further into particular 
aspects of the subject which interest or baffle him. 


There are some outstanding weaknesses in this 
book, and it may be that these will be corrected in 
future editions. The photographic reproductions 
are on the whole of poor quality; consequently the 
chapter on ‘Medical Photography” is_ seriously 
weakened. A particular example of photography 
which will be noted by radiologists is the reproduc- 
tion twice in the book (Figure 89 and Figure 100) 
of the same radiograph which is of indifferent 
quality. Some of the reproductions throughout the 
book also appear unnecessary, as for example, a 
photograph of a typewriter. Further instances of 
defects in editing are occasional sentences which 
are unnecessarily simple and therefore perhaps 
redundant in a book devoted to a specialized 
subject. One finds, for example on page 200, the 
statement “Radiographs are made with the use of 
heavy and expensive equipment called X-ray equip- 
ment.” 


All in all this compact and well-researched 
monograph will likely be most useful to those in 
search ot information about some aspects of medi- 
cal records on which they are as yet inadequately 
informed; the radiologist, technician or clerk can 
find in it a simple outline of basic principles and 
an excellent source of further reading. In this 
respect, the chapter on “Legal Aspects of Medical 
Records” is to be recommended particularly. 


j.S.D. 
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Dunbar: Epiglottitis and Croup 


EPIGLOTTITIS AND CROUP 


J. SCOTT DUNBAR, M.D. 


Montreal Children’s Hospital 
Montreal 


In the past few years a considerable num- 
ber of publications have appeared, dealing 
separately with acute epigiottitis and with 
croup. No mention has been made, however, 
in any publication of the radiologic diagnosis 
of acute epiglottitis, and only one article'* 
on the radiologic appearance of croup has 
appeared, reporting one case.t 


Since both these diseases cause obstruc- 
tion of the upper respiratory tract of infants 
and children, their recognition is of the 
greatest importance. The differential diag- 
nosis between them is particularly important 
because, of the two, epiglottitis though much 
less common is more dangerous, with a rapid- 
ly progressive course and a high mortality 
rate, while croup is common, with a generally 
more benign course, though marked obstruc- 
tion and death can occur. 


In both conditions the clinical picture, 
though usually characteristic, can be difficult 
or confusing; in both, the onset may be so 
rapid that foreign body inhalation may be 
suspected, particularly if the history is in- 
complete or inaccurate. 


The purpose of the present communication 
is to show that both acute epiglottitis and 
croup can be accurately diagnosed and dif- 
ferentiated by radiologic examination. 


CLINICAL COURSE 


Acute Epiglottitis This entity has also been 
called supraglottitis, supraglottic laryngitis, 
and acute epiglottic edema". Its etiology, 
clinical course and pathology have been ade- 
quately described elsewhere*''*'* and will 
only be summarized here. The commonest, 
but by no means the only responsible infect- 
ing organism, is hemophilus influenzae. It 
occurs about equally in the two sexes, is 


+ Jackson'" in 1936 reproduced a lateral radiograph 
of the neck after tracheotomy “Showing oblitera- 
tion of the lumen... by mucosal swelling com- 
plicating streptococcal laryngotracheobronchitis 
...” Hollinger® stated that “Roentgenograms of 
the larynx of an infant, particularly the lateral 
picture of the neck taken for soft tissues, are of 
great value. A careful roentgenogram of the 
larynx will demonstrate the true and false cords 
of the newborn infant, the epiglottis and the 
tracheal airway. Obstruction of the airway can 
frequently be detected by this means, establishing 
the diagnosis before the direct examination is 
made.” He did not, however, publish any radio- 
graphic illustrations of this clear statement. 





commonest between the ages of 2 and 4 years, 
and rarely seen after the age of 8. The initial 
symptoms are often deceptively mild, in- 
cluding sore throat, fever and pain on swal- 
lowing. The further course is rapidly pro- 
gressive; within a few hours severe pain, 
respiratory distress, inability to swallow, 
cyanosis, shock and death may occur. The 
characteristic posture of the patient with 
epiglottitis has been described as sitting or 
“tripoding” with chin thrust up, head hyper- 
extended and tongue protruded with saliva 
pooling or drooling®*"*. On examination of 
the pharynx, the red inflamed swollen epi- 
glottis may be seen projecting from the 
hypopharynx, and is pathognomonic of the 
disease. There is some difference of opinion, 
however, about the safety of examination of 
such a patient with a tongue depressor”*:*"; 
most observers are agreed that the examina- 
tion must be conducted gently and rapidly, 
that the tongue must be pulled forward rather 
than pushed back, and that repeated examina- 
tions are to be avoided®. The ease with which 
the inflamed epiglottis can be recognized is 
also somewhat controversial'**". Pediatri- 
cians and otolaryngologists with experience 
in this disease have an obvious advantage in 
recognizing the abnormality in the hypo- 
pharynx from a brief, non-traumatic examina- 
tion. The severely ill patient is, however, 
unable to swallow saliva, and the pooled 
secretions in the mouth and hypopharynx 
can make visualization difficult for even the 
experienced observer. Sudden death is com- 
mon, and it is reported that permitting the 
child to be placed in the supine position may 
precipitate the terminal asphyxia. The cause 
of the asphyxia is not clear. It has been 
suggested that the swollen epiglottis is suck- 
ed into the larynx during inspiration, and that 
thereby a vicious circle is established, with 
the frantic attempts at inspiration making the 
obstruction more severe'’. Our findings 
would suggest, however, that this phenome- 
non is likely not important; the aryepiglottic 
folds and epiglottis are so swollen and rigid 
that almost no difference in their position 
can be detected on films made in differing 
phases of respiration. We would therefore 
suspect that, contrary to the concept of the 
collapsing or mobile epiglottis, the rigidity 
of the supraglottic structures prevents 
normal swallowing of saliva. The swelling, 
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which includes the false cords, narrows the 
airway to dangerous proportions; the oro- 
pharyngeal secretions cannot be swallowed, 
and may be aspirated into the narrow glottis, 
completing the respiratory obstruction. 


The mortality from epiglottitis has been 
high in almost all reported series. Jones and 
Camps'* in 1957 reported 26 out of 29 cases 
coming to coroner’s post-mortem examina- 
tion. Berenberg” in 1958 reviewed 42 cases 
of epiglottitis at The Children’s Medical 
Center in Boston over a period of 8 years, 
and noted that 3 were dead on arrival and 2 
died in hospital. 


The experience at The Montreal Chil- 
dren’s Hospital from 1951 to 1960 inclusive 
has been reviewed. The detailed report of 
the clinical findings and treatment will be the 
subject of another communication, but it can 
be said here that in this period 47 cases were 
admitted to hospital, with no mortality; 1 case 
was dead on admission. 


Croup This term formerly referred to 
diphtheritic inflammation of the larynx and 
upper trachea. Non-diphteritic cases showing 
similar involvement were falled “false croup”. 
The term croup no longer signifies diphtheria 
in the English language literature, but in the 
French-Canadian literature and that of con- 
tinental Europe the term “false croup” is still 
used. It should be mentioned here that while 
diphtheritic croup is no longer seen in this 
part of Canada, we know of no way of dis- 
tinguishing the radiologic findings of diph- 
theritic inflammation from that of croup 
caused by other agents. “Laryngotracheal 
bronchitis” and “acute laryngotracheobron- 
chitis” are terms that appear to be used inter- 
changeably for what is here called croup. The 
typical X-ray appearance referred to below 
indicates that the swelling causing obstruc- 
tion is not so extensive as these longer terms 
suggest, and this plus the virtue of brevity 
has determined our preference for the name 
“croup **.0, 


The inflammation, as suggested by the 
above-noted terms, is indeed extensive, as 
shown by many endoscopic and pathologic 
observations':*-'', It involves the pharynx and 
hypopharynx and extends down to the small- 
est bronchi, and in some cases is associated 
with pneumonia. The obstructive swelling, 
which causes the acute symptoms and at times 
endangers life, is however localized to the 
subglottic trachea over a distance of about 
1 to 1.5 cms. The explanation for the sharply 
localized subglottic swelling appears to be 
the loose attachment of the mucosa of the 
conus elasticus at this level*"'"**. Moreover, 
the swelling at this level must be entirely 
centripetal, at the expense of the lumen, since 
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the rigid cricoid cartilage prevents lateral 
expansion of the soft tissues*''. 


The etiology of croup is not well defined. 
While allergy and even a reaction to cold 
may be important in some cases, infection 
would appear to be the major cause. Viral 
infections may be at least as common or 
important as bacterial infections'~*. 


The age distribution differs from that of 
epiglottitis, though the two overlap; croup 
occurs in children in the first 2 to 3 years of 
life’:'". There is no sex predominance. 


The course, while usually more gradual 
than that of epiglottitis, may be rapid and 
explosively sudden in onset, so that a foreign 
body obstruction may be simulated and in fact 
occasionally wrongly diagnosed. Signs of 
upper respiratory tract obstruction, including 
suprasternal and lower sternal indrawing, and 
dyspnea appear, as well as cough and hoarse- 
ness. The respiratory obstruction does not 
frequently become as severe as that of epi- 
glottitis, and tracheotomy is only required 
occasionally. In spite of the rapid course and 
sometimes alarming signs and symptoms, the 
mortality is low.* Response to moisture and 
oxygen tends to be good, and recovery usually 
occurs within a few days. A tendency to 
recurrence is not uncommon, the same child 
having, over the first 2 or 3 years of life, sev- 
eral attacks of varying degrees of severity'*. 

“Spasm” is often referred to in discussion 
of croup, but it is an ill-documented and 
probably little understood part of the dis- 
ease’’!".15| The tendency for the child's 
symptoms to vary markedly from hour to 
hour and even from minute to minute and to 
respond dramatically to cool air and moisture 
have suggested that laryngeal spasm may con- 
tribute to the clinical picture. In addition, 
the correlation between the typical X-ray 
findings outlined below and the degree of 
clinical severity is not complete, and again 
the explanation for this may be laryngeal 
spasm. On the other hand, direct visualization 
of the spasm by endoscopy is infrequently 
reported, for the obvious reason that the 





* Statements regarding low mortality in this paper 
refer to experience in recent years, when anti- 
biotics and moisture have been extensively used 
in the treatment of croup. The careful review by 
Brenneman et al in 1938, of “a disease which car- 
ries a mortality of 50% or more” conveys a clear 
idea of the extreme gravity of the condition before 
the present era. In addition, it seems likely that 
the failure in the earlier literature to separate 
acute epiglottitis from tke general group of ‘la- 
ryngctracheobronchitis’ vitiated the statistics to 
some extent. Sinclair’s report-> in 1941 of ten 
cases of acute supraglottic inflammation caused 
by H. influenza Type B infection, though not the 
first description of the condition, was the bezin- 
ning of present-day recognition of acute epig/ot- 
titis as a distinct entity. 
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endoscopy is sometimes done under general 
anaesthesia and in any case as rapidly as 
possible, in order to demonstrate, and if 
necessary by-pass, the point of obstruction. 





Figure 1(a) — Normal neck, at age 1 year, made 
during phonation. The true cords are almost 
touching. Note the air-filled piriform sinuses 
with tapered inferior tips at the level of the true 
cords. 


Figure 1(b) — The same patient in quiet respira- 
tion. The vocal cords are widely separated. Ta- 
pering of the conus elasticus is just identifiable. 


RADIOLOGIC FEATURES 


Examination The only necessary X-ray 
examination to determine the cause of acute 
upper respiratory tract obstruction consists 
in AP and lateral projections of the neck in 
inspiration and expiration. It is frequently 
difficult or impossible to be sure that the 
films are exposed at the two extremes of the 
respiratory cycle, but two films in each 
projection in differing degrees of inspiration 
or expiration are, in our view, essential. There 
is such variation in the appearance of the 
normal and the abnormal upper respiratory 
tract during different phases of respiration 
and during phonation, that the two films in 
each projection are very valuable. If it is 
not clear from clinical examination whether 
the primary obstruction is in the upper or 
lower respiratory tract, films of the chest are 
also made, and depending on the combined 
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clinical and radiologic findings, fluoroscopy 
of the chest and or neck may be necessary. 
It should be emphasised, however, that in the 
diagnosis of epiglottitis and of croup, the 
findings from simple inspiratory and expira- 
tory films of the neck in AP and lateral 
projections are almost invariably pathogno- 
monic. 





Figure 
pharynx and subglottic trachea are clearly defined 
and slightly dilated. 


1(c) — Lateral film in inspiration. The 


Figure 1(d) — Expiration. The pharynx and upper 
trachea show normal expiratory narrowing. The 
true and false cords, epiglottis and aryepiglottic 
folds are all sharply defined. 


The infant is usually examined in the 
supine position, which permits the easiest 
immobilization of the patient and centering 
of the X-ray beam. If there is any suspicion 
that the child’s condition is not as good in 
the supine as in the upright position, or if the 
child shows signs of “tripoding”, or resists 
any effort to place him in the supine position, 
the films should be done upright, thereby 
avoiding the danger of sudden calamity in a 
case of epiglottitis. 


Normal The structures of the upper res- 
piratory tract and hypopharynx are easiest 
to demonstrate in the older child. In the 
infant they are less well defined but still 
readily recognizable. In the adult they are 
often partially obscured by calcified cartilage. 
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The subglottic trachea, often called the 
“conus elasticus’’s’, narrows in transverse dia- 
meter as the true (vocal) cords are approach- 
ed. The contours of the lateral walls of the 
subglottic trachea, however, tend to be con- 
cave medially in the normal child. Moreover 
on inspiration and expiration the aperture 
between the vocal cords, and to some extent 
the width of the subglottic trachea, vary 
considerably, and this variation is an impor- 
tant sign of normality (Figures 1, 2). 





Figure 2(a) — Normal. Age 8 months. AP pro- 
jection made during phonation. The true cords 
are almost fully apposed. Note the inferior tips 
of the piriform sinuses, which identify the true 
cord level. 

Figure 2(b) — Phonation with true and false cords 
approximated. The piriform sinuses again indi- 
cate the level of the larynx, and show that this is 
normal laryngeal closure. 


In the normal patient who is phonating, 
the vocal cords approximate to or touch each 
other, and this produces an apparent nar- 
rowing which may simulate tracheal stenosis. 





§$ The term “conus elasticus” is used here, as it often 
is In practice and in the literature*, to refer to 
the portion of the airway immediately below the 
larynx, seen by radiologic or endoscopic methcds, 
where the /ateral walls taper medially to terminate 
in the vocal cords (Figures 1 and 2). Strictly 
speaking it refers to the cricothyroid membrane, 
whose thickened free upper border is the vocal 
ligament, or true (vocal) cord'+. 
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In this case the piriform sinuses, if fi'led 
with air, are visible on the AP films, and 
constitute a valuable landmark. Their tapered 
inferior ends correspond almost exactly to 
the level of the true cords, or at most ! or 
2 mms. superior to the cord level. Therefore 
the narrowing caused by the approximated 
cords can be recognized as normal even if the 
child is crying throughout the examination, 
provided that the piriform sinuses are visible 
on at least one film. Moreover it is rare to 
see the vocal cord narrowing exactly dupli- 
cated on two different films, whereas the 
narrowing produced by an obstructive lesion 
is much more constant. 








Figure 3(a) — Normal. Age 4 months. Basal pro- 
jection of the skull during phonation. The piri- 
form sinuses are just visible. 


Figure 3(b) —Less complete approximation of 
vocal cords during phonation. The piriform 
sinuses are not visible. 


In the lateral projections the appearance 
of the subglottic trachea also varies slightly, 
depending on the width of the “conus elas- 
ticus” at the moment of the exposure. The 
negative contrast of the air-filled trachea 
diminishes slightly as the vocal cords are 
approached. Nevertheless the cords cai al- 
most invariably be seen on one or both {ilms 
as sharply defined structures contra: ting 
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clearly with the air-filled subglottic trachea. 
The laryngeal ventricle between true and 
false cords is frequently visible as well. The 
arytenoids, aryepiglottic folds, and epiglottis 
are normally clearly defined and readily rec- 
ognizable. They vary in position, depending 
on respiration and phonation, but not in 
clarity of definition. 


Occasionally, in milder, more chronic cases 
of upper respiratory disease, the basal pro- 
jection of the skull is useful to demonstrate 
the anatomy of the hypopharynx, and parti- 
cularly of the larynx (Figure 3). 


Acute Epiglottitis The X-ray appearance 
of this entity is so characteristic and striking 
that it can hardly be confused with any other. 
The aryepiglottic folds and epiglottis are 
massively swollen, and appear to fill the 
entire hypopharynx. The swelling stops 
abruptly and dramatically at the larynx, the 
subglottic trachea being clear'®. There is 
frequently slight widening of the retro- 
pharyngeal or pretracheal soft tissues, but 
the problem of differentiation from acute 
retropharyngeal inflammation or abscess vir- 
tually never arises. 


As mentioned above, the appearance of 
acute epiglottitis on two or more lateral films 
of the neck of the same patient shows almost 
no variation, indicating extreme rigidity of 
these structures caused by the inflammatory 
swelling. Thus, two films of the patient can 
be superimposed on each other almost exactly, 
and the appearance is so typical that the films 
of one patient can be almost superimposed on 
those of another. 


The only problem that is likely to be 
encountered in recognition of this entity by 
radiologic methods is that an observer un- 
aware of the appearance may not recognize 
it as being abnormal; this likely accounts for 
the occasional reference in the literature to 
cases of epiglottitis in which “X-rays of the 
neck and chest were clear’”'’. Such examina- 
tions have usually been made to exclude a 
foreign body, and not to assess the structures 
of the upper respiratory tract'’. 


We have never observed the supraglottic 
structures fluoroscopically in this condition, 
for the obvious reason that the X-ray exam- 
ination should be kept to a minimum, and 
examination in a darkened room should be 
avoided if possible. 


The typical radiologic and clinical picture 
of acute epiglottitis has also been encountered 
by us in children who have sustained burns 
of the pharynx during accidental ingestion 
of very hot water. These cases we intend to 
report in a separate communication. 


Dunbar: Epiglottitis and Croup 


Croup The radiologic findings in croup'* 
are more variable than are those of epiglotti- 
tis, and at times more difficult to recognize, 
since all degrees of severity can be encount- 
ered. In a typical case, however, they are 
quite distinctive, consisting of a localized 
swelling of the subglottic trachea for a dis- 
tance of approximately 1 to 1.5 cms. The 
“conus elasticus” as seen in AP projection 
shows medial convexity of its lateral walls, 
instead of the medial concavity of the normal 
patient. There is some variation in the degree 
of this tracheal airway narrowing, depending 
on the phase of respiration and on whether 
the patient is phonating, and there is some 
variation in the ease with which the abnor- 
mality can be visualized on AP as compared 
with lateral projections. For this reason both 
AP and lateral films in inspiration and in 
expiration are particularly valuable in recog- 
nizing or excluding this abnormality. 


Above the level of the true cords the 
structures are normal. Slight thickening of 
arytenoid and aryepiglottic folds is some- 
times seen but not to the degree where it 
could reasonably be confused with acute 
epiglottitis. 

A phenomenon which may cause confusion 
in croup is secondary collapse of the trachea. 
This is not infrequently seen, and invariably 
occurs during inspiration. It will therefore 
simulate a diffuse narrowing of the trachea 
on the inspiration films, but the narrowing 
of all but the subglottic trachea will disappear 
during expiration (Figures 6, 7). Whether 
this secondary tracheal collapse is of impor- 
tance in aggravating the signs and symptoms 
of the disease is not as yet clear. It must be 
distinguished from primary tracheomalacia 
of infancy, which is a tracheal narrowing in 
AP diameter, caused mostly by invagination 
of the pars membranacea of the trachea, and 
which occurs characteristically and only on 
expiration. Above the larynx, the hypophar- 
ynx is often unusually or even abnormally 
dilated in inspiration; this is due to the in- 
spiratory pressure gradient across the site of 
obstruction during the violent inspiratory 
efforts (Figure 7). 


The sharply localized subglottic swelling 
as seen by X-ray explains why the child with 
severe croup is immediately relieved by 
tracheotomy, as is the child with epiglottitis. 

Fortunately, the more severe the abnor- 
mality, the more characteristic and easily 
recognizable it becomes on the radiographs 
(Figures 6, 7). 


Occasionally, infants in the first year of 
life have a more chronic form of croup, whose 
etiology is not clear. This causes mild but 
definite symptoms. The radiologic findings 
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too are mild but definite, and their recogni- 
tion is of value in establishing the extent, 
severity and location of the disease (Figure 
9). We have seen two such cases in early 
life, both of whom have responded over a 
period of several weeks to conservative thera- 


Py. 


The necessity for X-ray examination The 
experience with these diseases in our institu- 
tion and in the published literature unequivo- 
cally indicates the need for early diagnosis 
and treatment**”'*. It should be equally clear 
that not all cases of acute upper respiratory 
tract inflammatory disease of infancy and 
early childhood require radiologic examina- 
tion. If the diagnosis can be made with 
reasonable certainty from clinical examina- 
tion, it is evident that treatment must be un- 
dertaken immediately, and that X-ray exami- 
nation, is unnecessary and in fact may cause 
undue delay in the initiation of treatment. 
On the other hand, even in the expert hands 
of otolaryngologists and pediatricians famil- 
iar with these conditions, the clinical 
picture can sometimes be difficult or con- 
fusing. Moreover, not all such cases are 
initially seen by specialists thoroughly fa- 
miliar with the condition. For example, of the 
42 cases of epiglottitis reported by Berenberg 
and Kevy’, only one had been referred to the 
hospital with the correct diagnosis. X-ray 
examination can sometimes be of critical 
value in establishing the correct diagnosis 
when it is in doubt. We have also been im- 
pressed by the negative value of radiologic 
findings. In children presenting with signs 
and symptoms suspicious of upper respiratory 
tract obstruction, negative findings on radi- 
ologic examination can sometimes be of great 
value, and are highly reliable. 


Since epiglottitis, though uncommon, is 
not rare and is very dangerous, and since 
croup can be dangerous and is common, the 
radiologist should become familiar with the 
normal and abnormal appearance of the upper 
respiratory tract in infancy and childhood. 
This is an area which he has up to now almost 
completely neglected. 


Case I: T. G., Male, Age 4 


This patient had been in good health until the 
day of admission to hospital. Ten hours before 
admission, he woke in the morning with a “croupy 
cough”. He soon began to complain of sore throat 
and was found to have a fever of about 101° F. He 
stayed in bed during the morning, with no improve- 
ment. Early in the afternoon he developed diffi- 
culty in breathing with hoarseness of voice. He 
refused drinks and was unable to swallow fluids. 
There was no cyanosis. He was seen late in the 
afternoon by his pediatrician who advised imme- 
diate hospitalization. 


Dunbar: Epiglottitis and ( oup 


On admission he was a normally developed and 
nourished white male in acute respiratory dist ess. 
In addition to marked dysphonia he showed ta chy. 
pnea, subcostal indrawing, and marked supr cla- 
vicular indrawing. Examination of the chest shc wed 
no other abnormality. His temperature was 10( F. 
pulse 138 per minute, respirations 34 per minute. 
During the examination of the pharynx, on admis. 
sion, he suddenly stopped breathing. An anaesthe- 
tist was called, an intubation done immediately, and 
respiration was rapidly reinstituted. He was un- 
conscious however for about half an hour. Im- 
mediately after the intubation, a tracheotomy was 
done by the otolaryngologist (Dr. J. Baxter). Vis- 
ualization of the pharynx and hypopharynx at the 
time of the intubation showed the typical findings 
of acute epiglottitis, with red and markedly swollen 
epiglottis. Following the tracheotomy he had a 
stormy course for 3 to 4 days. Cellulitis developed 
on the right side of the neck, but responded to 
conservative treatment. Full recovery of cons- 
ciousness and alertness did not occur for almost 3 
days. The tracheotomy tube was removed without 
difficulty on the sixth day. and he was discharged 
as recovered on the eighth day. Laboratory findings 
on admission were non-contributary. The radiologic 
examination of the neck done at the time of ad- 
mission (Figure 4) showed massive swelling o* the 
epiglottis and aryepiglottic folds. The bacteriolo- 
gist’s report on a throat swab done on admission 
was “mixed throat flora, from which no accepted 
pathogens were isolated”. No culture specimen was 
obtained at the time of tracheotomy. 





Figure 4— Case I. Acute epiglottitis. Age 4 years. 
A lateral projection of upper neck and _ phav~ynx, 
showing the typical picture of swollen aryepiglot- 


tic folds and epiglottis. 


The upper trachea is 
clear. 
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Case II: C. I. 


A four and a half year old female who was well 
until two days before admission, began to complain 
of a sore throat during the evening. On the fol- 
lowing day, dysphagia was noted and no fluid could 
be ingested. On the day of admission she was seen 
in the morning at home, and noted to have dysphagia 
and stridor, with low grade fever, diffuse reddening 
of the pharynx, slight croupy inspiration, tender 
large cervical lymphnodes and scattered inspiratory 
rhonchi. She was then given 300,000 units of pro- 
caine penicillin, and visited again at home at 6 p.m. 
At that time, because of increasing toxicity and 
stridor and failure to take any fluids by mouth, 
with resultant dehydration, admission to hospital 
was recommended. Until the time of admission, no 
dyspnea, chest wall retraction, or cyanosis had been 
present. It was noted however that she was “spit- 
ting a great deal of frothy material”. 





Figure 5(a) —Case II. Acute epiglottitis. Age 
3 years. Lateral film of the neck showing massive 
supraglottic swelling. 


On admission at about 8 p.m. she appeared 
to be a well-developed child in fairly acute respira- 
tory distress, and moderately dehydrated. There 
was an audible inspiratory stridor, and the mouth 
was kept open. The voice was hoarse, but she was 
not coughing. The respiratory rate was 22 per 
minute, the temperature 100° F, and the pulse 136 
per minute. There was slight suprasternal indrawing 
and no substernal indrawing. The chest was hyper- 
resonant, the breath sounds harsh, and loud rhonchi 
and rales were audible on both sides. The epi- 
glottis was not visualized on admission. X-ray 
examination immediately following admission show- 
ed typical changes of epiglottitis (Figure 5a). 

She was put in a croupette, given antibiotics 
by intramuscular injection, fluids and oxygen. In 
Spite of this conservative therapy the child’s con- 
dition worsened, as shown by increasing toxicity, 





Dunbar: Epiglottitis and Croup 


restlessness and rising pulse rate (to 140 per 
minute). Examination by the otolaryngologist (Dr. 
A. Cohen) at 11 p.m. showed marked redness and 
swelling of the epiglottis. Tracheotomy was decided 
on immediately and carried out at 11:45 p.m., about 
4 hours after admission. Post-operatively the child 
did well. For 3 days there was a low-grade fever 
of about 100° F, with diminishing epiglottic swell- 
ing and redness. One week after admission the 
tracheotomy tube was removed without incident, 
and 10 days after admission she was discharged as 
cured. The bacteriologic report (from laryngeal 
culture at the time of cperation) was that normal 
flora was found (possibly because of peniciilin 
given prior to admission). A lateral film of the 
neck on the day after tracheotomy showed that 
the arvepiglottic swelling had already diminished 
appreciably (Figure 5b). 


Figure 5(b) — Lateral film of neck showing recov- 
ery occurring, one day following tracheotomy. 


Case III: R. B 


This 14 month old child was perfectly well until 
the onset of typical acute coryza one week before 
admission. The evening before admission he had a 
brief period of inspiratory stridor which dis- 
appeared spontaneously. About 3 hours before ad- 
mission the stridor appeared again, accompanied by 
moderate respiratory distress. On admission to 
hospital the same evening, he was a well-developed, 
well-nourished child with marked inspiratory stri- 
dor, croupy cough, slight tachypnea, marked supra- 
sternal and supraclavicular as well as intercostal 
indrawing. The temperature was 100.2° F, respira- 
tions and pulse were 30 and 128 per minute repec- 
tively. X-ray examination on admission showed 
(Figure 6) severe subglottic. swelling of the tra- 
chea, which narrowed its lumen to a slit, and was 
typical of croup. 
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Following admission the patient was placed in 
a croupette with oxygen and high humidity. He was 
given sulfonamide by mouth and penicillin intramus- 
cularly. He improved rapidly, and was removed 
from the croupette 2 days after admission, and 
discharged as cured 4 days after admission. 

Case IV: B. B, 

This 3 year old female was perfectly well until 
approximately 24 hours prior to admission, when 
she developed a croupy cough. During the 24 hours 
before admission the cough progressed in severity, 
and respiratory distress appeared and became more 
severe. There was no fever and no loss in appetite. 
About 4 hours before admission she was given 
penicillin intramuscularly. 





Figure 6(a) — Case III. Croup. Age 1 year. Lateral 
projection of the neck, showing severe and 
sharply localized subglottic swelling, with norma! 
expiratory pharyngeal collapse above, and normal 
trachea below. 

Figure 6(b) — Same patient on inspiration. Sub- 
glottic swelling is still present, but much less 
obvious. The pharynx is dilated; the lower trachea 
is clear, but shows some secondary narrowing. 


On admission physical examination showed a 
well-developed child in obvious respiratory distress 
with a croupy cough, moderate suprasternal in- 
drawing and occasional intercostal indrawing. The 
pulse was 150 per minute, respirations 42 per min- 
ute and temperature 100.4° F. Examination of’ the 
chest revealed no significant abnormality except 
tachypnea and tachycardia. Examination of the 
pharynx showed it to be red and injected; the 
epiglottis was visualized and appeared normal. 
Radiologic examination of the neck on admission 
(Figure 7) showed mild but definite subglottic 
swelling, typical of croup. 


Following admission she was placed in a crou- 
pette with oxygen and high humidity. Tetracyclin 
was given intramuscularly. Within 24 hours her 
condition was markedly improved. No complica- 
tions occurred and she was discharged as improved 
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3 days after admission. Bacteriologic examina ion 
of the throat swab was reported as showing m xed 
throat flora from which no accepted pathogens v ere 
isolated. 





Figure 6(c) — Same patient in AP projection. Sub- 
glottic swelling is severe, with the lateral walls 
of the conus elasticus convex medially. The tip 
of the piriform sinuses are just visible, indicating 
the level of the larynx at the upper end of the 
obstruction. 

Figure 6(d) —Expiratory film shows almost no 
difference in obstructive swelling. The piriform 
sinuses are not visible. 


Case V: J. B. 


A 6 year old male child who had a cold for 
several days. Shortly before visiting the hospital, 
he suddenly developed croupy cough and dyspnea. 
He was brought to the -emergency department by 
his parents. Indrawing of the thoracic wall on 
inspiration was noted, together with some dyspnea, 
but no stridor. The pharynx was mildly inflamed. 
The epiglottis was not visualized. X-ray examina- 
tion of the neck (Figure 8) showed moderate and 
obvious subglottic swelling of the trachea, with 
normal supraglottic structures. He was not ad- 
mitted to hospital, though admission was seriously 
considered. He was treated at home with sulphona- 
mides and penicillin, and made an_ uneventful 
recovery within 2 to 3 days. The parents reported 
recently that in the nine months since this acute 
illness he has been entirely well. 


Case VI: M.D. 


This 5 week old infant was well until 3 days 
before admission to hospital when he developed a 
cold, cough and fever. The parents noted some 
difficulty in breathing on the day of admission, and 
called their pediatrician (Dr. B. Quesnel), who 
visited the child at home, and found typical signs 
of croup, with dyspnea, sternal and_ intercostal 
indrawing, but no cyanosis. By the time he had 
arrived at the hospital, improvement had occi rred. 
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Figure 7(a) — Case IV. Croup. Age 2 years. Lateral 
projection in inspiration showing subglottic 
swelling. The pharynx is dilated and the trachea 
below the obstruction is collapsed during marked 
inspiratory effort. 


Figure 7(b) —Same patient in partial expiration. 
The pharynx is partially collapsed; the trachea 
below the obstruction is normal in calibre. The 
obstruction in the subglottic trachea is not as 
obvious as during inspiration. 


Figure 9(a) —Case VI. “Chronic” croup. Age 6 
weeks. Lateral film during expiration showing 
typical subglottic swelling. 

Figure 9(b)—Lateral film during inspiration show- 
ing moderate secondary lower tracheal collapse. 

Figure 9(c) — AP projection during phonation 
showing subglottic swelling and approximation 
of the vocal cords. 
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Figure 8(a) — Case V. Croup. Age 6 years. Lateral 
projection showing typical and sharply localized 
subglottic obstruction of moderate degree. 

Figure 8(b) —AP projection showing markedly 
convex subglottic mucosal swelling. The piriform 
sinuses are narrower than average, but visible. 








Figure 9(d) — AP projection during quiet respira- 
tion showing subglottic swelling, and narrowing 
of the airway. Complete recovery occurred gradu- 
ally over the next month. 


Figure 9(e) —AP projection, during quiet respira- 
tion one month later shows that the subglottic 
swelling has almost completely subsided. 
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Physical examination on admission showed a well- 
developed, welli-nourished white infant in no acute 
distress, with inspiratory stridor but no chest wall 
retraction. There were some coarse, transmitted 
rales on both sides of the chest. The temperature 
was 98 F, pulse 135 per minute, and respirations 
28 per minute. The day after admission, moderate 
to severe respiratory distress appeared, and the 
respiration and pulse increased to 60 and 154 per 
minute respectively. Sternal and substernal inter- 
costal indrawing were marked. The mouth showed 
thrush and the throat was infected. Inspiratory 
stridor was present. 


Films of the neck on the day of admission 
showed subglottic narrowing of the trachea (Figure 
9) of moderate degree. 


When this increase in signs and symptoms 
occurred, the patient was placed in an incubator 
with oxygen and high humidity for 4 days, and was 
given antibiotics. He began to improve on the third 
day of admission, but improvement was gradual. 
Six days after admission his condition was con- 
sidered to be very good, and films of the neck 
showed that the subglottic swelling was still pre- 
sent, and mild to moderate in degree. He was 
discharged 7 days after admission, but continued 
to have noisy breathing at home for several weeks. 
The final X-ray examination was done approxima- 
tely 1 month after admission. It showed almost 
complete disappearance of the subglottic swelling 
(Figure 9e), and the mother reported that although 
the breathing was still noisy it was almost back to 
normal. Within the next month his recovery was 
complete. as reported by Dr. Quesnel on follow-up 
examination. 


Summary 


Epiglottitis and croup are upper respira- 
tory tract inflammations, causing obstruction 
in infants and young children. Though simi- 
lar in many respects, they are strikingly and 
importantly dissimilar in prognosis. Epi- 
glottitis, though less common, has a high 
mortality with a tendency to sudden death, 
while in croup the course, though rapid, is 
less often fatal. Both of these diseases can 
be accurately diagnosed by X-ray examination 
of the neck, using inspiration and expiration 
films in AP and lateral projections. 


Résumé 


L’épiglottite et le croup sont des processus 
inflammatoires produisant des obstructions 
des voies respiratoires supérieures chez les 
nourrissons et les jeunes enfants. Bien que 
ces entités se ressemblent sous plusieurs as- 
pects, il est de la plus haute importance de 
les distinguer en vue de leur pronostic res- 
pectif. L’épiglottite, certes moins fréquente, 
a un taux élevé de mortalité surtout par mort 
subite, tandis que dans le croup le cours de la 
maladie est moins rapide et moins souvent 
fatal. Dans les deux cas un diagnostic radio- 
logique précis peut étre établi a l'aide de 
clichés du cou de face et de profil, en inspi- 
ration et en expiration. 
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Longley: Fetal Cervical Hyperextension 


FETAL CERVICAL HYPEREXTENSION 


J. D. LONGLEY, M.D. and G. E. TRUEMAN, M.D. 


Vancouver General Hospital 


Vancouver, 


The presence of fetal cervical hyperexten- 
sion may be of serious import. The purpose of 
this paper is to discuss fetal cervical hyperex- 
tension as an indication of fetal morbidity and 
as indication for caesarian section. Also pre- 
sented is a report of an unusual case of fetal 
cervical hyperextension associated with ab- 
normal findings in the cervical cord. 


Case Report 


A radiograph of the mother’s abdomen taken 
before the birth of the infant showed a breech 
presentation and an abnormal attitude in the form 
of hyperextension of the neck, such that the occiput 
appeared to touch the back of the fetus. (Figure 1). 


The baby’s delivery was uneventful; however, 
the infant breathed poorly and showed poor move- 
ments of his arms and legs. There was a total 
paralysis of the intercostal muscles. Breathing was 
described as being entirely diaphragmatic and this 
was confirmed by fluoroscopy. The Moro mass 
reflex was markedly diminished; the steppinz reflex 
was present. The facia, sternomastoid and tra- 
pezius muscles seemed to be unaffected. The re- 
flexes of the upper limbs were present and equal, 
whereas those in the lower limbs were absent. 


A lumbar puncture at the age of two weeks 
revealed a slightly yellowish cerebrospinal fluid. 
The laboratory findings were: red blood cells — 
63 per cmm., white blood cells — nil, protein 1000 





B.C. 


mg. %, chlorides — 701 mg. %, sugar — 54 mg.% 
and also a marked increase in globulin. 


Radiographs of the cervical spine taken at the 
age of four weeks were normal. A myelogram at 
the age of five weeks via the cisternal route showed 
a complete block at the level of the seventh cervical 
vertebra. The subarachnoid space superior to the 
block was widened at the expense of the cord. 
(Figure 2.) 


At the age of six weeks an exploratory laminec- 
tomy was done. This revealed narrowing of the 
dural canal at the C5 to T1 level. On opening the 
dura. obliteration of the subarachnoid space was 
demcnstrated and normal cord was not identifiable. 
No corrective surgery was attempted. The child 
developed bronchopneumonia and died two days 
following operation. 


At postmortem the immediate cause of death 
was shown to be bronchopneumonia. The cervical 
cord at the level of C5 to T1 was narrowed to a 
width of 2 mm. for a distance of 1.5 cm. Micro- 
scopic section showed this area of the cord to be 
replaced by glial and fibrous tissue. No other 
abnormality of the nervous system was found. 
Discussion 

This case of fetal cervical hyperextension 
demonstrated narrowing of the dural canal, 
obliteration of the subarachnoid space with 
spinal fluid block, and gliosis of the cervical 
cord. It is not certain whether the lesion 











/ 








Figure 1— Antero-posterior view; hyperextension of the fetal cervical spine. 
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was primary, or whether it was secondary to 
the abnormal fetal attitude. The normality 
of the lower portion of the cord suggests that 
the cervical cord lesion was caused by the 
fetal cervical hyperextension. 


Cases of fetal cervical hyperextension may 
be divided into two broad groups. There is 
the group in which the fetus is usually normal 
and the fault is in the presentation, or lie. 
These include the face and brow presentation 
and the “flying fetus”. In the second group 
there is an abnormality of the fetus, such as 
iniencephaly or a cervical tumour, which 
results in a fault in the attitude. The case 
presented does not appear to fit well into 
either group, being of abnormal attitude, 
apparently resulting in damage to the cervical 
spinal cord. 





Figure 2— Antero-posterior and oblique views; 
obstruction at the level of the seventh cervical 
vertebra shown by myelography via the cisternal 
route. 


In the first group the most common 
causes of fetal cervical hyperextension are 
face and brow presentations (Figure 3). 
These cases are managed according to the 
obstetrical principles of the abnormal presen- 
tation. Caesarian section is usually necessary 
with a brow presentation and may be neces- 
sary with a face presentation’. 


The “flying fetus” is a form of fetal cer- 
vical hyperextension associated with exten- 
sion of the body and a transverse lie (Fig- 
ure 4). The head is upright with the face 
directed laterally, the abdomen directed in- 
feriorly, and the hips extended. The knees 
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are flexed so that the feet approach ‘he 
lumbar region and the occiput the dorsal 
aspect of the trunk. This attitude need jot 
be associated with congenital malformation. 
In any event, delivery can only be acccm- 
plished by caesarian section. The kyperex- 
tension corrects itself gradually in the post 
natal period. 





Figure 3—An antero-posterior view; brow pres- 
entation. 





Figure 4—An antero-posterior view; a “flving 
fetus”, i.e. fetal hyperextension in a transv :rse 
lie. 
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in the second group, a1 example of mal- 
development associated with fetal cervical 
hyperextension is iniencephaly (Figure 5). 
The head, cervical and dorsal spine are ex- 
tended so that the occiput touches, and to 
some extent is fused to, the cervical and 
dorsal spine. The occipital bone is defective 
and there is some degree of spina bifida in 
the upper spine. Iniencephaly may be con- 
sidered a more serious form of the Klippel- 
Feil syndrome*. Delivery can only be accom- 
plished by caesarian section. 





Figure 5— An oblique view; fetal cervical hyper- 
extension in iniencephaly. 


Additional examples of the second group 
include fetal abnormalities associated with 
cervical hyperextension due to large fetal 
tumours of the anterior portion of the neck. 
These occur in the form of cystic hygroma, 
branchial cleft cyst, thyroglossal cyst and 
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goitre. Malignant tumours are very rare. It 
is not likely that these tumours of the neck 
will be diagnosed or excluded radiologically, 


but may be suspected. Caesarian section may 
be necessary. 


Although an exact diagnosis cannot be 
made in most cases, it is important to recog- 
nize fetal cervical hyperextension, as it may 
be associated with one of the serious fetal 
abnormalities which have been described. 
With fetal cervical hyperextension one must 
consider not only fetal abnormality but also 
caesarian section. 


Summary 


A case of fetal cervical hyperextension 
with isolated abnormality of the cervical cord 
is presented. Fetal cervical hyperextension 
is discussed as indicative of possible fetal 
abnormality and as a probable indication for 
caesarian section. 


Résumé 


L’auteur présente un cas d’hyperextension 
cervicale in utero, s'accompagnant d’une ano- 
malie localisée a la moelle cervicale. 


Selon lui, hyperextension cervicale fétale 
suggérerait une anomalie possible du fétus et 
constituerait une indication a une interven- 
tion par césarienne. 
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BOOK REVIEW 


Radiopaque Diagnostic Agents, by Peter K. 
Knoefel, M.D., Charles C. Thomas, Publisher, 
Springfield, Illinois, 1961. 140 pages, $6.75. 

This is a unique monograph dealing with opaci- 
fying substances used in radiodiagnosis. It contains 
a wealth of information that is only partially 
obtainable in pharmacologic and radiologic text- 
books. 

The work is divided into eleven chapters. In 
the first chapter, the author presents some physical 
and optical considerations which are fundamental 
in radiologic work. ‘In the following chapters, the 
author discusses successively the various radio- 
paque agents used in the exploration of the ali- 
mentary, biliary, and urinary tract, the circulatory 
system, the respiratory tract, the spinal subarach- 
noid space, the genital tract, and the reticuloen- 
dothelial system. In the final two chapters, the 
author has grouped miscellaneous procedures and 
agents, and reviews the problems of toxicity. 


In the radiological investigation of each system, 
the author exposes the inherent problems and dis- 
cusses the comparative value of the products that 
are used. This evaluation is based not only on 
clinical results but also on experimental work, 
some of which is contributed by the author. 


All the compounds used currently and those 
more recently available in radiodiagnosis, with their 
official names and their synonyms, are detailed for 
their chemical characteristics and their clinical 
behaviour. 

At the end of the book, the fatal doses for 
experimental animals for all these substances are 
tabulated. 

A very extensive bibliography completes this 
concise monograph. It should be on hand in every 
radiologic department for consultation by radiolo- 
gists and other doctors interested in this field. 


H.P.L. 
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BOOK REVIEW 


Roentgenology of Intracranial Meningiomas, by 
Sidney P. Traub, M.D., with a foreword by D. L. 
McRae, M.D., Charles C. Thomas — Publisher, 
Springfield, Illinois, 1961. $14.00. 


Seldom is a book written by a Canadian 
radiologist. This book therefore should have more 
than ordinary appeal for the subscribers of this 
Journal. It has nostalgic appeal for the author 
of this review since he is pleasantly reminded of 
many fruitful hours spent with Dr. McRae attempt- 
ing to master the very subtle details in skull roent- 
genograms so well demonstrated by Dr. Traub. 


The book deals only with the benign menin- 
gioma. The clinical records and roentgenograms 
from The Montreal Neurological Institute of 170 
cases of proven benign meningiomas have been 
reviewed and analysed for this presentation. Some 
material has been used from The University of 
Saskatchewan College of Medicine, to supplement 
the work, especially in the section dealing with 
cerebral angiography and meningiomas. 


The subject matter is presented in logical se- 
quence, commencing with the history, clinical obser- 
vations, pathologic aspects, change in the skull rev- 


ealed roentgenologically, pneumoencephalography, 
cerebral angiography, and finally a summary of the 
various forms of meningioma, correlated with the 
anatomic situation of the tumor within the skull. 


For the general radiologist, the most valuable 
part of the book is contained in the first 133 pages. 
Here are described the changes in skull roentgeno- 
grams indicating the presence of an intracranial 
space-occupying lesion. This is followed by specific 
evidence indicating the presence of a meningioma 


The roentgenograms are of excellent quality; 
many reproductions include only that portion of the 
skull in which the abnormal reaction is situated; 
this sharpens detail considerably and adds to theif 
value. Appropriate diagrams have been borrowed 
from other works, mainly that of Cushing and 
Eisenhardt, to round out the presentation. 


One might summarize by saying that a grea: deal 
of general neuroradiology has been included in this 
book as well as specific details related to the 
meningioma. The bibliography is very con:plete: 
and arranged alphabetically. 238 pages, 128 ill istra 
tions, 135 tables. 

D.G.W. 








